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ON THE DEFLECTION AND VIBRATION OF 

RAILWAY BRIDGES * 

F. OMORI, Dr. Sc., 
Member of the Imperial Earthquake Investigation Committee. 

1. The great Mino-Owari and other recent destructive earthquakes 
gave excellent opportunities for studying the effects of the shocks on 
buildings and structures of engineering works. For discovering the best 
earthquake-proof form of the latter, however, it is aUo very important to 
investigate their vibratory movements caused by non-destructive 
earthquakes as well as by artificial means. Experiments like these, which 
depend upon practical applications of seismological instruments, form a 
part of modem seismology and furnish, apart from seismological questions, 
criterions on the strength and quality of the structures in general. 

2. The present paper contains the results of the vibration and 
deflection measurements of 12 railway bridge girders in Central Japan 
and the Hokkaido, carried on during 1899 and 1900. The spans of these 
bridges, the majority of which are constructed according to the Imperial 
Japauese Government Railway Standard, vary between 20 and 200 ft. 
All the bridges, with the exception of that of the .Rokugo-f/rwff, are 
constructed for a single railway line. 

The importance of the bridge experiments is two-fold : — (1) the 
measurement of the deflection and vibration of a bridge gives a criterion 
of the strength of the latter, and accordingly a comparison of the results 
obtained from a number of differently constructed bridges may lead us to 



* TranHlfttion of Vol. XXX VII of the lieport ( Jnixinese) of the Earthquak e fmrstiffation 
Committee. 



12 F. OMOHI : ON THE DEFLECTION 

the discovery of the best forms in which the economy of material can be 
combined with the strength of structure ; (2 ) these experiments enable us 
to determine the variation of the strength of bridges with time and load. 
Indeed the circumstance, which first induced me to try the present series 
of experiments, was the question of stability of the Ttokugo-gaioa bridge, 
near Tokyo, which was constructed about 30 years ago and is the first 
large railway bridge constructed in Japan. At that date the locomotives 
were not so heavy as now-a-days ; hence it is of a great interest to examine 
the movements, particularly the deflection of the bridge in the present 
daily traffic* 

I shall here, for the sake of clearness, define deflection and vibration as 
follows : (1) the deflection of a bridge girder is the total amount of its 
vertical landing caused by the passage of a locomotive or wagons ; (2) the 
vibration is the quick-period motion of the girder due to the passage of a 
train or other cause. The vitiation takes place in three mutually 
rectangular directions and may be distinguished as the vertical, transverse 
and longitudinal, of which the first consists of the up and down move- 
ments, while the second and third consist of the horizontal movements 
respectively transverse and parallel to the length of the bridge. It will be 
observed that the vibrations caused by a railway train are greatest when 
the speed of the latter has a certain value and almost nil when the speed 
is very slow. Hence the deflection will be greater when the locomotive is 
passing over with a certain speed than when passing over slowly or 
remaining at rest at the middle of the span ; the deflection being the sum 
of the statical bending due to the weight of the locomotive and the 
amplitude of the coexisting vertical vibration. Hitherto the phenomena 
of the vibration have by engineers not been taken into account, but they 
seem to be of fundamental importance with regard to the construction of 
the bridges. 

* Before me, Professor Ewing obtained statical diagrams of the horizontal movements of 
the Forth Bridge in Scotland, by means of a duplex pendulum seismograph. In Japan 
Messrs Milne and Macdonald measured with a glass-plate seismograph the vibration of the 
Rokugo-f/wwi and Tone-</a»m railway bridges. 
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I may here remark that the part of the deflection due to the weight 
of the engine will be independent of the velocity of passage of the latter. 
Thus an engine requires, even in the cases of express trains, a time 
interval of at least 2 to 4 seconds to pas 3 over girders 100' to 200' long 
while the period of the vertical vibration is usually less than £ sec, 
being considerably shorter than the above interval. 

In my experiments, the deflection and vibrations of a bridge are 
directly recorded by instruments of portable form set up on the latter 
itself, requiring no support to be erected from the bed of the rivers. The 
measurement is thus possible even when there is abundant water in the 
river or when the bridge is very high ; excepting in the cases in which tho 
time of passage of the locomotive over the girder is very long, when the 
deflection can not be satisfactorily measured. The measurement of the 
vibrations is possible under all circumstances. 

I shall next describe shortly the two instruments, which may, for the 
sake of convenience, be respectively called the deflecto meter and the 
vibration measurer, according as they are intended for the measurement of 
the deflection or the vibrations of bridge girders. 

3. Deflixtometer. The deflectometer is exactly the vertical motion 
seismograph of Gray and Ewing,* with some improvements in the 
construction details so as to reduce very much the friction existing between 
the different parts of the instruments and, at the same time, to bring the 
Hteadt/ ]X)int sufficiently near to the condition of neutral equilibrium, that 
is to say, to prolong its period of free oscillation ; the deflection being 
measured as a very slow veitical vibration.t The instrument, mounted 
in working order, is shown in Fig. 1,£ while its mechanical details are 
given in PI. I at the end of the paper. 



* For the description and theory of the original forms of the vertical motion seismograph, 
the reader is referred to 'Brans. Pels. Soc. Japan. 

f The apparatus is thus well fitted also for the registration of microseismic vertical 
movements, if the steady point has a sufficient amount of inertia. 

X Set up on the bottom chord of one of the IOC Warren girders of the Akalmne Bridge, 
near Akabane, of the Nippon Railway Company. 
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PI. I. a is a stout cast iron stand, about 00 cm in height, fixed by 
means of two bolts b to the strong rectangular wooden base plate o, about 
30 x 60 cm in size on which the record-receiver d is mounted. The sternly 
live is the central axis of a small horizontal brass cylinder e, filled with 
lead, about 1 kg in weight, which is adjustable along and can be properly 
fixed at the end of a horizontal bar / by means of a screw g. The bar/ is 
about 30 cm long and its end half fj\ consists of a solid aluminium rod, 
about J cm in diameter, rigidly fixed to the point of a brass triangular 
plate /,/, whose base is turned towards the cast iron stand. The rod/ is 
maintained in the horizontal position by being kept against the points of 
the two fine steel screws Jth fixed to the stand and by being pulled upwards 
with the two spiral springs ii The latter are suspended from the top of 
the stand by means of two vertical screws,/)', the upper ends being rigidly 
fixed by two small side screws (not shown in the figures). The lower 
extremities of the two springs are firmly attached to the ends of a small 
horizontal brass rod 1c, which is at right angles to the rod /, and is kept at 
a little distance below the latter by means of another fine steel screw /, 
which fits into a conical socket of hardest steel at the middle of A\ The 
screw I is adjustable some small distance along the central axis of the 
rod /. One of the two screws IJt fits also into a conical socket of hard 
steel, while the other fits into a V-groove also of hard steal, both fixed on 
the brass plate /,/ 2 near its base. The V-groove which is parallel to the 
base side of the plate is adjustable through a small distance longitudinally. 
The two screws hh keep the horizontal rod /,/ in position and also serve 
to regulate the elastic force of the spiral springs ; the adjustment of the 
latter is, however, to be done most conveniently by means of the two top 
screws jj. The screw I serves, by being gradually screwed on, to set the 
weight e in a neutral equilibrium, that is to say, to make the period of free 
oscillation of the pendulating system// sufficiently long, without being 
thrown into the condition of unstable equilibrium. The most important 
point in the treatment of the apparatus is to keep the points of the three 
screws A, h and / perfectly well polished and sharp ; the vertices of the two 
conical sockets and the V-groove, into which the three screws respectively 
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Fig. 3. The 1st Ishikari-gaii-a Bridge 200' Double Warren (Jirder. 
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fit must also be perfectly well formed. If the points of the three screws 
l>e broken or flattened, or if their receptacles be scratched, the period can 
no longer be made slow as is necessary for the deflection measurement. 
For this reason, each instrument is furnished with one or two extra sets 
of the screws, to provide for the case of accidental damage of their points, 
when the new ones are to be at once substituted for the old. Again the 
longitudinal sliding of the V-groove enables us to use a new portion of the 
vertex line in case of its old position being scratched. The two screws m 
m, whose ends are covered with india-rubber pieces, are fixed to an upright 
bracket attached to the wooden base plate c and prevent too great motion 
of the pendulating system f. 2 f. With apparatus of this dimension, I 
succeded witliin the limit of sufficient stability, in raising the period of 
free oscillation of the steady mass up to about 15 seconds ; it being very 
easy to make the period 8 or 9 secods. 

The writing index. For reducing effectively the friction between the 
different parts of the instrument, wliich is absolutely necessary for the 
deflection measurement, I have used the same method of contact between 
the steady axis and one of the arms of the pointer as in my mechanically 
registering horizontal pendulums for the observation of earthquakes.** 
The writing pointer is made up of a lever, whose two arms mni v and nan, 
are bent at right angles to one another, and whose fulcrum m consists of a 
horizontal small steel axis pivoted in the conical sockets of the two small 
horizontal screws; these screws are fixed to a bracket m s , properly mounted 
on a wooden stand n, which is rigidly attached to the base plate c.t The 
horizontal arm mm x is made of thin but sufficiently stout brass strips with 
a forked end, within whose two limbs fits exactly a highly polished steel 
cylindrical axle, forming the prolongation of the central line of the heavy 
mass e. The axle can rotate with great ease, being pivoted within two 



* See Publications of the J-Jarthquake Investigation Committee in Foreign languages, Xos. 5 
and 6, nnd Jour. Se. Coll., Imp. Univ., Ibkyo, Vol. XI. 

t In other apparatus the bracket, which holds the fulcrum m 3 , is adjustable in direc- 
tion parallel to the rod / 2 / x , thus enablicg us to change the multiplying power of the 
pointer, l>etween 1 and 2. 
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small steel conical sockets, fixed respectively to the centre of one of the 
ends of the heavy cylinder e and to a bracket m 4 attached to the latter. 
The vertical arm mm l of the lever is made up of a triangular frame of 
aluminium, with the axle as the base ; the writing index m 5f hinged to the 
lower end m 2 being made of a very light steel piece of a triangular form, 
with its end point very well polished. The length of the index m h is 5 
cm. For the instrument designed to measure the deflection of 200' 
trusses, the two arms mm x and mm 2 are each 8 cm long, thus giving the 
deflection nearly in the natural magnitude. For bridge girders of length 
under 100', it is convenient to make the two arms mm t and mm x 
respectively 8 and 4 cm long, thus giving a multiplication of about 2. It 
is hereby to be remarked that we must apply a slight correction to the 
nominal multiplication, or the ratio of the arms mm^ and mm l9 on account 
of the motion of the hinge m 2 not being perfectly horizontal. The 
correction can easily be found graphically by means of section paper. 
The centre of gravity of m^nm^ is brought almost exactly on its fulcrum 
m by means of two small counter weights, so that the pointer has 
practically no proper oscillation. If this adjustment be not properly cared 
for, the motion of the pointer would markedly interfere with the stability 
of the steady mass e and might cause the latter to swing quickly even if 
adjusted beforehand to a very slow period. 

The record receiver is the same as that in Prof. Tanakadate's 
seismograph and consists of a smooth paper smoked with a petroleum 
lamp, wrapped round two parallel rollers (/, one of which is driven by 
means of a clock work d x . The paper revolves across the index m 5 at a 
rate of about 3 cm per second and has at the same time a translation 
motion, the axes of the two rollers being screw cut. 

The time-recorder consists of a small pendulum oo„ of which the heavy 
mass o t weiglis about 100 grm ; the pendulum is of such a length that it 
makes about l£ complete oscillations in 1 second. The prolongation o 2 
comes in contact with, and presses against one of the arms of a light 
spring lever each time the pendulum oscillates to and fix), thus lifting the 
end o, of the other arm of the lever, the fulcrum of which is an axis hinged 
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to the support of the pendulum. The very small spiral spring o 5 is 
attached to the arm o 49 its stretching force being adjusted with a screw 
(not shown in the figure). By this means the pendulum oo, can be caused 
to oscillate for about l£ in, a time mark being made each time o 4 is 
uplifted. From the knowledge of the period of oscillation of the 
pendulum, which is constant, the period of the bridge vibrations can be 
accurately determined.* 

When there is no motion, the writing index of the pointer, m 6 , traces 
out a straight (or rather a spiral) line, parallel to that given by the time- 
ticker index o 4 . The latter line may be taken as the fixed or datum line, 
with reference to which the deflection is to be measured. After the 
deflection has been traced out, there follows generally proper pendulum 
oscillations of the .steady mass on account of the displacement, but these 
movements can be left out of account so far as the deflection measurement 
is concerned. 

For the satisfactory use of the doflectometer, the period of free 
oscillation of the steady mass must be much longer than, say about twice 
as long as, the time required by the locomotive to pass over the girder 
under experiment. In the case of ordinary trains in Japan, a 100' span, 
for instance, is passed over by a locomotive in a time interval from \\ s 
to 5 s, according as the train rims quickly or very slowly. For spans 
under 100' there is therefore no difficulty in measuring the deflection by 
the instrument. With 200' trusses, the experiment fails unless the 
locomotive passes over in at most 4 to 5 seconds. 

4. Vibration measurer or strong motion seismograph. This vibration 
measurer, which is shown in PL II, can also, when properly connected 
with a starter, be used as a seismograph for the measurement of strong 
earthquakes. Fig. 2 is the photograph of the instrument set up on the 
bottom chord of one of the 100' Wan-en girders of the Akabane-grmrre 

bridge of Nippon Railway Company. 



* The purely mechanical process of time marking without oiil of electricity ami mercury 
contact was first done by Prof. Tanakadate. 
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In the vibration measurement, one of the most important conditions 
is the elimination of the proper oscillation of the steady masses 
themselves. The best thing to be done is, as already elsewhere remarked, 
to increase the inertia and to prolong the period of free oscillation of the 
pendulums, so that we can easily distinguish the real bridge vibrations 
from the proper instrumental oscillations, if any. For our present 
purpose, the required length of the period of the horizontal pendulums is 
4 or 5 s, which can very easily be attained. If these circumstances be not 
properly attended to, the proper instrumental oscillations may be mistaken 
for the real movements we are seeking ; and the range of motion of the 
former may amount to several inches, while that of the latter may be less 
than one mm. 

5. In transportation, the vertical motion instrument and the 
horizontal pendulums are to be taken off and packed up. The unpacking 
and the setting up of the two instruments, when skilfully carried on, can 
be accomplished in less than one hour. The manner of setting on the 
bridges will be seen from Figs. 1 and 2 already referred to ; also from 
Fig. 3, which represents the 1st Ishikari-c/a?ra bridge, 200' Double 
Warren girder. 

With Warren girders, the instruments can be fixed most conveniently 
in the box of one of the bottom chords. B ut in some of the Pratt trusses 
and plate girders, we must set up the apparatus within the stringer or 
the girder itself, below the rails aud sleepers, the observer himself getting 
also therein and waiting the passage of the train overhead. The base 
plates of the instruments are to be rigidly fixed to the bridge girder by 
means of wooden bars and properly prepared bolts. In the present series 
of the bridge experiments, the measurement was in each case done at the 
middle of the span. 

6. Bridge*. I shall now give? the results of the deflection and 
vibration measurements of the following 11 bridge girders. 

( 1 ) Rokugo-t/atrt* bridge : 100', I. J. G. Railway. 

(2 ) Chnbetau-gaira bridge : 100', Hokkaido Gov. Railway. 
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(3 
(4 

(5 
(6 
(7 

(8 

(9 
(10 

(11 



3rd Ishik&ri-gaioa bridge : 100', Hokkaido Gov. Railway. 
1st Ishikari-gratra bridge : 200', „ „ „ 

2nd „ „ „ : 20', „ 




Chnbetsu ,. : 60', „ 

Osarappe ;„ „ : *0', „ 



Kanasugi „ „ : 30', I. J. G. Railway. 

Ibi „ „ :200', „ 

Kizu „ „ : 200', Kansei Railway. 



The vibratory motion of a bridge consists, as an earthquake, generally 
of the following three parts : (1) the preliminary poiiion, in which the 
motion is small and occurs with the approach of the train to the girder ; 
(2) the principal portion, in which the motion is most active and generally 
coincides with the passage of the train or engine over the girder under 
experiment ; (3) the end portion in which the motion is small, being the 
residual vibrations continued for a certain interval of time after the train 
has passed over the girder. 

The vertical, transverse or longitudinal motion of a bridge girder 
consists, in general, of the fundamental vibrations of a period which is 
proper to the girder itself. Besides these there are extremely quick, and 
usually, much smaller movements which are due probably to the vibrations 
of the individual members of the girder and which may be termed micro- 
vibrations. 

To specify the vibration of a girder, I have given in each case the 
maximum range of motion, or double amplitude, and the average period. 
The latter quantity is obtained by taking the average of a certain number 
of consecutive and nearly equal vibrations.* 

PI. HI to XII give diagrams of the deflection and vibration of some 
of the bridges ; while PL XV to XXI give the distances between the 
wheels and the distribution of weight of the engines, which passed over 
the different bridges during the experiments. 



* The term period is used always in the sense of the complete period. 
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liokugo-gawa Bridge : Double Track Warren Girder through 100' '. 

7. The main portion of the double track Rokugo-grawa bridge, which 
is on the Tokyo-Yokohama line, consists of six Warren trasses through 
100'. The experiments were done on three different days, namely, Oct. 
19th and 25th, 1899, and Feb. 5th 1900 ; and each time the apparatus 
were set up at one and the same place, in the middle of the span on the 
left-hand or down-stream side bottom chord of the first span ^counted 
from the Tokyo end). As the down trains pass on the left-hand side and 
the up trains on the right-band side of the bridge, the former gave in the 
present experiments always greater deflections than the latter ; there 
being, however, no such distinction in case of the vertical, transverse and 
longitudinal vibrations. Again, it is to be remarked that on the Yokohama 
side of the bridge there is a descending slope of 1 : 100, while the track is 
almost level on the Tokyo side, where there are a series of 60' plate 
girders. The Kawasaki Station 1»Vs on the Yokohama side at only a few 
hundred metres distance from the bridge. Thus the down trains passed 
over the bridge quickly, while the up trains passed over always slowly. 

The trains and engines which passed over the bridge during the 
experiments were as given in the following table. 
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TABLE I. 

ROKVGO (1AJVA BRIDGE EXPERIMENTS ; 
TRAINS AND 





So. of 




No. of train. 


No. ot 


Eogi DC 


en gine. 


weigh! 


Oct. 
19, 
1899. 


l 

2 
3 
4 


Down 


115(11 passenger cars) 
Special good* train. 
243(10 passenger cars) 
4i9 (JO goals wagons). 
245 ('J passenger cars). 




Tender engine 
Tank engine. 
Tender engine 


50.88 
33.43 
49.9: 


21.97 
19.39 


U 
7 
8 
9 
10 


Up. 


222(10 „ „ }. 
2*4(16 „ „ ). 
102(11 „ „ }. 
402(23.gooils wagons) 
22G. 


- 


Tank engine. 
Tender engine 
Tank engine. 


33.43 
52.78 
33.43 


22.73 


Oct. 
25, 


11 

12 
13 
14 


Down 


116. 

Spednl goods train. 

24H. 
439. 


205 

114 
91 


Tender engine 
Tank engine. 


48.70 
33.43 


21.00 

- 


1899. 


15 
16 
17 


Up. 


222. 
224. 
102. 


62 
242 
243 


Tender engine 


G1.00 


20.00 


Feb. 
5, 

i:;oo. 


18 
19 
20 
21 

22 


Dow u 


221 (11 passenger wirs) 
115 („ .. ., ) 
Special g.toil» train, 
[Lb g'HKlH Wiigons). 
243 (10 passenger cars) 
i-i.l {&> gnotts wagon-). 


111 
61 

98 
119 


Tank engine. 
Tender engine 


48.90 
33.43 

48.79 


21.00 


23 
24 
25 


Up. 


100. 

222(11 jus eTg^rcurs) 
"4(15 „ „ ). 


109 
70 


Tauk engine. 


48.90 
33.43 
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8. (a) Experiments on Oct. 19th aru} 2oth, 1899 ; deflection directly 
measured. On these two days, the deflectoraeter was not yet ready, and 
consequently the deflection was directly measured at the river bed, which 
was dry, with the following arrangement : a heavy lead cylinder, weighing 
about 10 kg, was suspended by means of a surveying chain from the 
middle of the bottom chord of the girder, and its movements were 
registered with a suitable arrangement on a record receiver set up at the 
river bed beneath.* The height of the bottom chord above the river bed 
was about 20'. (A few of the diagrams thus obtained are reproduced in 
Fig. 7.) The results of the experiments are given in the following table, 
where d x and d> are the deflections of the girder at the middle of the left- 
hand side bottom chord due respectively to the engines and the goods or 
passenger cars. 



• The record receiver was similar to that describe*! in § 2. 
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TABLE IL 

ROKVQO-GAWA BRIDGE EXPERIMENTS: 
DEFLECTION DIRECTLY MEASURED. 



No. of expt. 


No. of train. 


d t (mm) 


dj (mm). 


Down Trains. 


1 


115 


9.5 


3.7 


2 


Special goods^train. 


7.8 


4.0 


3 


243 


8.2 


3.7 


4 


439 


8.4 


7.0 


5 


245 


10.8 


5.2 


11 


115 


10.6 


5.2 


12 


Special goods train. 


8.1 


4.6 


13 


243 


8.0 


3.3 


14 


439 


8.8 


7.2 


c • 

Mean. 




8.91 


4.88 


Up Trains. 


6 


222 


3.8 


1.7 


7 


224 


4.0 


1.0 


8 


102 


3.8 


1.7 


9 ; 


402 


3.7 


2.9 


10 


226 


4.6 




15 


222 


4.4 


2.4 


16 


224 


5.7 


2.6 


17 


102 


4.6 


2.5 


Mean. 




4.33 


2.11 



The results contained in the above table may be summarized as 
follows. — 

The mean value of the deflection d l due to the locomotives is, in the 
case of the down trains, 8.91 mm and, in the case of the up trains, 4.33 
mm ; the two numbers being in the ratio of nearly 2 : 1. With respect to 
the deflection (L due to the goods or passenger cars, the mean values are 
4.88 mm and 2.11 nun respectively for the down and the up trains 
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Again, the mean value of d x is about double that of d 2 , both for the down 
and the up trains. 

Of the experiments 1-17, the maximum value of the deflection d t was 

for the down trains 10.8 mm and for the up trains 5.7 mm. The sum of 

5" 

these two maximum deflections, which is 16.5 mm or about ^ , may be 

taken as representing the maximum amount of deflection of the 100' 

girder, if two of the heaviest engines in the present state of the traffic on 

the Tokyo-Yokohama Railway, one in the down train and the other in the 

up train, were to pass by each other exactly at the middle of the span. 

This amount is about 5 mm greater than the maximum deflection of the 

100' Pratt trusses of the 3rd Ishikari-f/awa in Hokkaido when tested with 

two heavy tank engines in series. 

The maximum value of the deflection d 2 due to the goods wagons was 

7.2 mm for the down trains and 2.0 mm for the up trains, their sum being 

10.1 mm. Again, the maximum value of the deflection d^ due to the 

passenger cars was 5.2 mm for the down trains and 2.6 mm for the 

up trains, their sum being 7.8 mm. These two sums, representing 

the deflections which would be caused by heaviest goods wagons and 

passenger cars of the down and up trains, if they were to pass by each 

6 4.7 

other exactly at the centere of the 100' girder, are respectively and -Jq 

of the corresponding sums in the case of the locomotives. The deflec- 
tion due to heavy goods wagons is nearly equal to that due to small 
locomotives. 

9. (6) Experiments on Oct. 19th and 26th 9 1899 ; tlie vertical, transverse 
and longitudinal vibrations. On these two days, I measured, besides the 
deflection, also the vibrations of the bridge by means of the vibration 
measurer set -up at the middle of the left-hand side bottom chord of the 
same 100' girder. The results were as follaws. — 

Down trains. 

Exp. No. 2. 

Vert. vib. The motion lasted for 36 sees, and the max. 2a was 1.2 
mm ; the amplitude remaining, however, sensibly constant throughout. 
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111 the principal portion, namely, during the passage of the locomotive 
over the girder, the average period was 0.24 sec; in the end portion, at 
20 sees, after the entrance of the engine on the girder the average period 
was 0.23 sec. At the entrance of the locomotive on the girder as well as 
at other times, there were also quicker vibrations; the average periods of 
these, measured in the preliminary and the end portions, were respectively 
0.11 sec. and 0.13 sec. There were also traces of still smaller movements. 

Trans, vib. The max. 2a was 3.5 mm ; the amplitude remained, 
however, nearly constant throughout the whole duration. The average 
period was 0.49 sec, when the locomotive was passing over and 0.45 
sec. in the end portion. 

Long. vib. The total duration was 36 sec. The max. 2a was 0.5 
mm ; there being, however, no marked alteration of amplitude throughout 
the motion. In the end portion, the average period was 0.089 sec. (In 
all the three components, there were some slight micro-vibrations 
superposed on the fundamental vibrations.) 
Exp. No. 3. 

Vert. vib. The max. 2a was 1.1 mm, the average period in the 
principal portion being 0.17 sec. The fundamental vibrations were 
superposed with movements of an average period of 0.03 sec. and other 
still smaller ones. 

Tra~s. vib. The max. 2a of 2.7 mm took place when the locomotive 
had just entered on the girder. The average period was 0.42 sec. in the 
principal portion and 0.41 sec. in the end portion.— In this experiment 
the vibrations were comparatively small, the active motion lasting only 
for 8 sec. The max. vertical and longitudinal displacements also occurred 
at the moment of the entrance of the locomotive on the girder. 

Long. vib. The max. 2a was 0.5 mm ; the average period in the end 
portion being 0.08 sec. 
Exjk No. 4. 

Vert. vib. The max. 2a was 1.3 mm. In the principal portion the 
average period was 0.19 sec. at first, but 0.23 sec. a little later on. In 
the end portion it was 0.14 sec. 
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Trans, vib. The motion was active and nearly constant during the 
first 18 sec. after which it became abruptly much smaller. The max* 
(absolute) 2a of 5.3 mm occurred 14 sees, after the entrance of the 
locomotive on the girder; the greatest motion during the passage of the 
locomotive being only 2.7 mm. Tl:e average period was 0.58 sec t in the 
most active portion and 0.38 sec. in the end portion, while during] the 
passage of the locomotive it was 0.53 sec. 

Long. vib. The max. 2a was 0.5 mm ; the range remaining nearly 
constant in amplitude during the whole motion, which lasted for 20 sec. 
The average period was 0.074 sec. when the locomotive was just passing 
out of the girder, and 0.073 s in the end portion. 
Exp. No. o. 

Vert. vib. The max. 2a was 1.2 mm. 

Trans, vib. „ „ „ „ 4.7 „ 

Long. vib. „ „ „ „ 0.4 „ 
Exp. No. 12. 

Vert. vib. The motion lasted for 23 &ec. during which the amplitude 
remained almost constant. The max. 2a of 1.6 mm ocurred at the entrance 
of the locomotive on the girder. The average period was 0.21 sec. in the 
principal portion and 0.18 sec. in the end portion. There were also some 
small vibrations of an average period of 0.09 sec. 

Trans, vib. The max. 2a of 2.7 mm occurred at the entrance of the 
locomotive on the girder. The average period was 0.47 sec. in the 
principal portion and 0.48 sec. in the end portion. The max. range of the 
superposed micro-vibrations was 0.6 mm. 

Long. vib. The max. 2a was 0.5mm, the period being extremely short. 
Exp. No. 13. 

Vert. vib. The max. 2a was 1.6 mm, the average period in the 
principal portion being 0.16 sec. 

Trans, vib. The motion lasted for 13 sec. during which the amplitude 
was nearly constant. The max. 2a of 2.4 mm occurred at the entrance of 
the locomotive on the girder. The average period was 0.46 sec. in the end 
portion 
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Long. rib. The max. 2a was 0.5 mm, the period being extremely 
abort 

Up trains. 

Exp. No. 8. 

Vert. vib. The max. 2a was 0.7 mm. 

Trans, vib. The motion lasted for 23 gee. daring which the 
amplitude remained almost constant. The max. 2a of 3.0 mm occurred 
during the passage of the locomotive, the average period of the principal 
vibrations being 0.64 sec. Later on the average period was 0.47 sec. 
while in the end portion it was 0.41 sec. 

Long, vib. The max. 2a was 0.5 mm. 
Exp. No. !). 

Vert. vib. The max. 2a was 2.1 mm. 

Trans, vib. „ „ 5.2 „ 

Long. vib. „ „ 0.4 „ 

Exp. No. 16. 

Vert. vib. There were already some distinct movements before the 
locomotive came actually on the girder, the average period being 0.13 s. 
During the passage of the locomotive the average period was 0.17 sec, the 
max. 2a being 1.0 mm. The max. of the superposed micro-vibrations 
was 0.6 mm. 

Trans, vib. The max. 2a of 4.6 mm occurred at the entrance of the 
locomotive on the girder. The average period was 0.22 sec. in the 
preliminary portion, 0.52 sec. in the principal portion and 0.42 sec. in the 
end portion. 

Long. vib. The max. 2a was 0.5 mm, the period being extremely 
short. 

Exp. No. 17. 

Vert. vib. Tlie max. 2a was 1.1 mm, the average period in the 
principal portion being 0.24 sec. There were superposed micro- vibrations 
of an average period of 0.053 sec. and others still smaller. 

Trans, vib. The max. 2a was 2.7 mm, the average period being 
0.48s in the principal portion and 0.45 s in the end portion. 
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Long. vib. The max. 2a was 0.5 mm, the period being very short. 
Towards the end, there were some vibrations of an average period of 
0.02 s. 

Exp. No. IT. 

(This experiment was made on the 25th, but the numbers of the 
train and of the locomotive were not noted.) 

Vert. vib. The max. 2a was 1.2 mm. The average period was 
0.17 sec. during the passage of the engine, but 0.12 sec. before the 
entrance of the latter on the girder. There were also very small vibra- 
tions of an average period of 0.025 sec. 

Trans, vib. The active movements lasted for 10 sec. during which 
the amplitude remained almost constant, and after whica the motion 
abraptly decreased. The max. 2a was 2.9 mm, the average period being 
0.59 sec. in the principal portion and 0.42 sec. in the end portion. 

Long. vib. The max. 2a was 0.7 mm, the period being very short. 
Before the entrance of the locomotive on the girder, there were small 
vibrations of an average period of 0.12 sec. 

The results of the above vibration measurements are summarized in 
the following table, where 2a is the maximum range of motion (or double 
amplitude) in each component, while T and T' are the average periods of 
vibration respectively in the principal portion and in the preliminary or 
end portion. 
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TABLE m. 

ROKUGO -GAWA BRIDGE EXPERIMENTS 

VIBRATIONS. 



So. of Vertical vibration. 



W P*- ! 2a(mm). T (s) T'(s) 



Transverse vibration. 



2a (mm). 



T (8) T*(8) 



Longit. vib. 



2a (mm). 



T» 



Dura- 
tion. 

(8). 



Down trains. 





1.2 


0.24 


3 


1.1 


0.17 


4 


1.3 


0.19 


5 i 


1.2 




19 !' 


1.0 


0.21 


13 1 


1.6 


0.16 




1.3 


0.19 



,0/23 t 
'0.12 



0.14 



0.18 



3.5 
2.7 
5.3 
4.7 
2.7 
2.4 



0.49 
0.42 
0.C8 

0.47 



3.6 



0.49 



0.45 
0.41 
0.38 

0.48 
0.46 



0.5 
0.5 
0.5 
0.4 
0.5 
0.5 



0.44 



0.5 



0.089 
0.080 
0.074 



0.081 



36 
8 
20 

23 
13 



Up trains. 



8 
<) 
10 

17 
17' 


! 0.7 
i 2.1 
l 1.0 
1.1 
12 


0.17 
0.24 
0.17 


0.13 
0.12 , 


3.0 
5.2 
4.6 

j 2.7 
' 2.9 


0.64 

0.52 
0.48 

0.59 


0.41 

, 0.22 
'0.42 

0.45 
0.42 


0.5 
0.4 

0.5 
0.5 
0.7 


0.12 

i 


! 23 

1 

i 

j ~ 
10 


loan. 


1.2 


0.19 


I 
i 


3.7 


0.56 


(0.43 
' 0.22 


0.5 


— ! i — 

I- 


ieneml 
VIeun. 


13 

1 


0.19 


i 

i 

i 
i 


3.7 


0.53 


1 0.43 
» 0.22 


0.5 


1 0.081 

i 


1 

1 



According to the above table, the three component vibrations at the 
liddle of the left-hand side bottom chord of the girder were, on the 
'hole, equally large for the down and the up trains. 

VeHical vibration. The max. range of the vertical vibration was 2.1 
mi, aud the max. motion likely to occur, were the down and the up trains 
3 pass simultaneously over the girder, would be 3.7 mm as is to be 
aferred from the table. The average period of vibration in the principal 
ortion varied between 0.16s and 0.24s, the mean value being 0.19s. 
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In the preliminary and the end portions » there were also often other 
vibrations of an average period between 0.12s and 0.14s. 

Transverse vibration. The max. range of the transverse vibration 
was 5.3 mm, and the motion for a simultaneous passage of the down and 
the up trains would be 10.5 mm. The average period in the principal 
portion varied between 0.42s and 0.64s, the mean value being 0.53s. 
In the preliminary and end portions, there were two kinds of vibrations 
whose average periods were respectively 0.43 s and 0.22s. 

Longitudinal vibration. The max. range of the longitudinal vibration 
was almost always 0.5 mm. The period was very short, but in the 
preliminary and end portions there were often some vibrations whose 
average period was 0.081 s. 

The duration varied between 8 and 36 s. 

The variation in the different cases of the period of the vertical and 
transverse vibrations is due to the difference in the weights of the engines 
and the number and weight of the goods or passenger wagons. 

10. ( c ). Experiments on Feb. 6th 1900 ; deflection and vertical 
vibration. On this day, the deflectometer was used for the first time and 
set up as usual at the middle of the left-hand side bottom chord of the 
first 100' girder. For testing the accuracy < f the deflectometer, a special 
arrangement was made at the river bed, so that the deflection was dirctly 
measured by means of an upright wooden beam erected beneath the 
instrument. The values of the deflections thus found are given under the 
heading u check " in the following table ; a few diagrams obtained by the 
deflectometer being given, as illustrations, in PI. V and VI. 
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TABLE IV. 



JROKUGO - GA WA BRIDGE EXPERIMENTS; DEFLECTION 

AND VERTICAL VIBRATION. 



No. of 
expt. 


Defection. 


Vertical Vibration. 


Measured on the 
bridge by the 
deflectometer. 
(mm) 


Measured directly. 
" Check." (in mm) 


Max. 2a. 

(mm) 


Average period, 
(sec.) 


Down trains. 


18 


11.4 mm 


15" 

32 =11.9 mm 


1.0 




19 


8.5 


5" 

■ g =9.5 


1.0 


0.21* 


20 


9.1 


5" _ 79 

16'-'"' 


1.3 


0.21* 


21 


9.8 


u " =8.7 


1.2 


0.22* 


22 


9.4 


7" =11.0 
16 


1.5 

1 


0.25 



Up trains. 



23 


i 

3.8 


5" 

»d =4.0 


1 

0.9 


0.13 


24 


4.3 


rJt 

-— — 4 
32 — *" w 


0.5 


0.20* 


25 


3.5 

i 

i 


- 5 --4() 

32 * A 


0.G 

I 


0.22* 


Mean. 


7.5 

1 


7.6 


1 
1 


0.22 (Expt. No. 23 
omitted.) 



In those experiments, the engines of the down trains passed over the 
girder in 2 to 3 seconds, while those of the up trains passed over the 
same in 4 to 5 seconds. According to the above table, however, the 
deflections given by the instrument set up on the bridge itself were 
practically identical with the " check," both in the cases of the down 
trains and the up trains, the mean values for the two sets of the 
determination being perfectly the same. The " checks " were originally 
road off in inches, from which the mm equivalents have been deduced. 
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Vertical vibration. The vertical motion seems to be greater in the 
case of the down than in the case of the up trains. The average period 
given in the table is that of the vibrations in the principal portion, the 
general mean being 0.22s. In the 5 cases marked with asterisks (*), 
however, there were vibrations of an average period of 0.13s in the 
preliminary portion. In experiment No. 23, the average period in the 
principal portion was also 0.13s. Finally, in the case of the up trains, 
there were no marked differances in the amplitude of vibration in the 
principal and in the preliminary portion. 

Hokkaido Government Railicay Bridges. 

11. The experiments on the seven Hokkaido Gov. Railway bridges 
were carried on during the sii days Oct. 8th-13th, 1900. The bridges 
and the engines were as given in the following two tables. 



TABLE V. 

HOKKAIDO GOV. RAILWAY BRIDGES. 



River. 


Bridge. 


Remark. 


Chubetsu 
3rd Ishikari. 
1st Ishikari. 
2nd Ishikari. 

if 

Chubetsu. 
Osarappe. 


Pratt truss through 100' 

99 

Double Warren truss through 20C. 

Plate girder deck 20'. 

70' 

99 99 99 IV. 

60' 

99 99 99 KJXJ • 
99 99 99 Uyj • 


Designed by Prof. Tanabu and 
Mr. Eda. 

99 

I. J. G. R. Standard. 

99 
99 
99 
99 



TABLE VL 

HOKKAIDO GOV. RAILWAY ENGINES. 



No. of engine. 


Engine. 


Total weight. 


Weight of tender. 


i 


Tender engine. 


50.1 


18 


2 


99 


99 


99 


• 

6 


Tank engine. 


33.45 




7 


99 


99 




9 


99 


34.1 




10 


99 


99 
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The vibrations were in all cases measured by means of the vibration 
measurer, while the deflections were measured by means of the 
deflectometer. Iu the cases of the two short girders, namely, the Oserappe- 
gawa 50' and the 2nd Islukari-grewa 20' bridges, the deflections were also 
measured by the vibration measurer. When, in these cases, the 
deflections were simultaneously measured by the two instruments, the 
mean values have been adopted. The experiments are next described in 
detail. (See PL VIII-XII.) 

12. Chuletsu-gaua Bridge ; 60' plate girder. 
Exp. No. 1. 

Down train ; Engine No. 9. (As the train passed over while the 
instruments were not fully set up, the deflection and vertical vibration 
could not be measured.) 

Trans, vib. The max. 2a was 3.8 mm. The average period was 
0.30s in the principal portion and 0.29s in the preliminary portion, there 
being also some micro- vibrations of an average period of 0.04s. 

Long. vib. The max. 2a was 1.7 mm, the period being very short. 
There were some trace of comparatively slow movements of an average 
period of 0.15s. 

Exp. No. 2. 3 men together ran over the girder. 
Vert. vib. (not measured.) 

Trans, vib. The max. 2a was 0.3 mm, the average period being 
0.29s. 

Long. vib. Nil. 

13. Chubetsu gawa Bridge ; Pratt trim through IOC/. The experiment 
was done only once. Up train ; Engine No. 9 passed over the girder 
in 4s. 

Deflection = 8.8 mm. 

Vert. vib. The max. 2a was 1.2 mm, the average period of the 
principal vibrations being 0.25 s. There were also micro-vibrations of an 
average period of 0.032 s. 

Trans, vib. The max. 2a was 3.3 mm. In the principal portion, 
the fundamental vibrations had an average period of 0.53 s, and on these 
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were superposed movements of an average period of 0.29s. Towards the 
end, the motion became simple in cliaracter and consisted of regular 
vibrations of an average period of 0.29s. Besides these movements, there 
were slight micro-vibrations of an average period of 0.033s. 
Long. vib. The max. 2a was 1 mm. 

14. The 3rd Ishikari-gawa Bruhje ; Pratt trim thro mj ft KM)'. The 
bridge consists of two Pratt trusses through 100'. On Oct. 10th 1900, at 
the completion of the construction, the bridge was tested by means of 
two similar tank engines Nos. 6 and 7 joined in series. Tlx* experiment 
were repeated four times ; in the first two, however, the collection could 
not be measured on account of an extrenielv slow* rate of motion of the 
engines. The instruments were set up at the middle of the 100 ; span 
next to the Asahigawa end. 
Exp. No. 1. The engines passed over slowl}*. 

Vert. vib. The max. 2a w r as 0.7 mm. The average period was 0.18s 
in the principal portion and 0.20s in the end portion. There were also 
slight micro-vibrations of an average period of 0.027s. 

Trans, vib. The max. 2a was 2.4 mm, the average period being 
0.51s. There were also slight micro- vibrations of an average period of 
0.023s. 

Long. vib. The motion was extrenielv small. 
Exp. No. 2. (Same as before.) 

Vert. vib. The max. 2a was 0.6mm, the average period being 0.22s. 

Trans, vib. The max. 2a was 2.9mm, the average period being 
0.79s. 

Long. vib. The motion was extremely small. 
Exp. No. 3. The two engines passed over the girder in 5.1s. 
Deflect ion = 1 1 . 1 m m . 

Vert. vib. The max. 2a was 1.2mm, the average period being 0.22s. 

Trans, vib. The max. 2a was 4.9mm, the average period being 0.47s. 
There were also extremely small micro-vibrations. 

Long. vib. The max. 2a was 1.4mm, the period being extremely 
short. 
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Exp. No. 4. The two engines passed ovor the girder in 5. 4 2s. 
Deflection = 12.0mm. 

Vert. vib. The max. 2a was 1.4mm, and the average period was 
0.21s. 

Trans, vib. The max. 2a was 4.0mm, and the average period was 
0.51s. There were also micro-vibrations of a very short period. 

Long. vib. The max. 2a was 1.4mm, the period being extremely 
short. 

15. The 2nd Ishikari-gawa Bridge, ; 10' plate girder. The experi- 
ments were carried on between 10 a.m. and 3 p.m., on Oct. 11th 1900. 
In the morning there were some occasional showers, but in the after-noon 
the weather became clear and calm. The instruments were set up at the 
middle of the girder next to the Asahigawa end. 
Exp. No. 1. The engine (No. 6) passed over the girder in 3.1s. 

Defection = 11.0mm. 

Vert. vib. The max. 2a was 1.5 mm. 

Trans, vib. The max. 2a was 3 9mm, the average period being 0.38s. 

Long. vib. The max. 2a was 1.1 mm, the period being very short. 
Before the entrance of the locomotive on the girder, there were slight 
slow movements of an averaga period of 0.16s. 
Exp. No. 2. The engine (No. 2) passed over the girder in 3.2s. 

Deflection = 11.4 mm. 

Vert. vib. The max. 2a was 1.5 mm. 

Trans, vib. (The aluminium pointer of the tran verse component 
machine was broken and consequently the max. 2a not measured.) 

Long. vib. The max. 2a was 1.7 mm, the period being very short. 
Exp. No. 3. The engine (No. 10) passed over the girder in 3.6s. 

Deflection — 9.9 mm. 

Vert. vib. The max. 2a was 1 mm, the average period in the 
principal portion being 0.19s. 

Trans, vib. The max. 2a was 3.3 mm and the average period of the 
principal vibrations was 0.37s ; there being also microvibrations of an 
extremely short period. As is generally the case, these two series of 
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movements did not indicate their maxima simultaneously, but the 
maximum of the micro-vibrations occurred later than that of the 
principal vibrations. Thus the former vibrations became first prominent 
at 0.2s after the occurrence of the maximum of the latter, the most active 
portion occurring 2s further on. This peculiarity was also found to be 
the case in the longitudinal component. 

Long. vib. The max. 2a was 1.0 mm, the period being very short. 
Exp. No. 4. The engine (No. 10) passed over the girder in 3.4s. 

Deflection = 6.0 mm. 

Vert. vib. The max. 2a was 1 mm, and the average period was 
0.18 s. 

Trans, vib. As, in this case, the number of the wagons was few, the 
diagram was very simple and nice. The principal portion was well mark- 
ed and consisted of 6 well defined, nearly equal vibrations which together 
occupied 2.2s and of which the max. 2a was 4.4 mm ; the average period 
being 0.36s. The principal portion was almost perfectly free from the 
superposition of micro-vibrations. In the preliminary portion, there 
were small vibrations of an average period of 0.370s ; in the end portion, 
the average period was 0.38s. The micro-vibrations became prominent 
first after the termination of the principal vibrations, the longitudinal 
movements becoming also prominent at the same moment. 

Long. vib. The max. 2a was 0.5 mm, the period being very short. 
In the preliminary portion, that is to say, before the appearance of these 
quick vibrations, there were slower small movements of an average 
period of 0.17s. 

Exp. No. 6. The engine (No. 10) passed over the girder in 3.0s. 
Deflection = 6.5 mm. 

Vert. vib. The max. 2a was 1 mm, the average period being 0.19s. 

Trans, vib. The max. 2a was 2.8 mm, and the average period was 
0.43s. In the preliminary portion, the motion consisted of small move- 
ments of an average period of 0.21s. In the principal portion and 
especially in the end portion, there were also vibrations of an average 
period of 0.20s. 
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Loug. vib. The max. 2a was 1.7 mm, the period being very quick. 
Exp. No. 6. 3 men together walked slowly once over the girder. (In 
Exp. Xos. 6, 7 and 8, the vertical vibration was not measured.) 

Trans, vib. The max. 2a was 0.3 mm, the average period being 
0.38s. 

Long. vib. Nil. 
Exp. No. 7. 2 men together ran once over the girder. 

Trans, vib. The max. 2a was 0.3mm, the average period being 
0.38s. 

Loug. vib. Nil. 
Exp. No. 8. Effect of a moderate wind. 

Trans, vib. The motion was very small, the average period being 
0.39s. 

Long. vib. Nil. 

It is to be remarked that bridges execute generally more or less 
movements when wind is blowing or even when there is no wind at all. 
16. Osarappe-gawa Bridge ; o() plate girder. 

The experiments were done on the morning of Oct. 12th 1900. The 
weather was clear and calm. The girder experimented upon was that 
next to the Asahigawa side. 

Exp. No. J. Up train ; the engine (So. 7) passed over the girder in 2.0s. 

Deflection = 10.2mm ( measured with the deflectometer). 

„ = 9.7mm ( „ „ „ vibration measurer). 

Vert. vib. The max. 2a was 1.0mm, the average period being 0.12s. 

Trans, vib. The max. 2a was 4.7mm, the average period being 0.28s. 
The maximum micro-vibration was 2.2mm. 

Long. vib. The max. 2a was 1mm, the period being extremely 
short. 

Exp. No. 2. Down train ; the engine (No. 2) passed over the girder in 
about 3 s. (The vertical instruments were thrown out of the state of 
stable equilibrium and consequently failed to give the deflection.). 
Vert. vib. The max. 2a was about 1mm. 

Trans, vib. The max. 2n was 3.3mm, the average period being 
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0.25s. The maximum motion of the micro-vibrations was 3mm. 

Long. vib. The max. 2a was 1.7mm, the period being extremely 
short. 

17. The 2nd hhikari-gawa Bridge ; 20' plate girder. The experi- 
ments were done on the after-noon of Oct. 12th 1900. The girder 
experimented upon was that nearest to the Asahigawa side. 

Exp. No. 1. Down train ; Engine No. 1. 
Deflection = 5 . 1 mm . 

Vert. vib. The max. 2a was about 1mm. 

Trans, vib. The max. 2a was 1.6 mm. The average period in the 
principal portion was 0.11s. The movements in the preliminary portion 
was regular and distinct and had an average period of 0.10s. 

Long. vib. The max. 2a was 2.3mm. 
Exp. No. 2. Engine No. 2. 

Deflection = 4.9mm. 

Vert. vib. The max. 2a was about 1mm. 

Trans, vib. The max. 2a was about 2mm, the period being very 
short. 

Long. vib. The max. 2a was 1.7mm. 

18. The 1st Ishifowi-gaica Bridge ; double Warren truss through 200'. 
The experiments were made on Oct. 13th 1900, the instruments being set 
up at the middle of the right-hand side bottom chord (looked at from the 
Asahigawa end). 

Exp. No. 1. The engine (No. 1) passed over the girder in 5.0s. 
Deflection = 12.4mm. 

Vert. vib. The max. 2a was 3.1mm, and the average period in the 
principal portion was 0.39s ; there being also micro-vibrations. In the 
preliminary portion, the average period was 0.25s, while in the end. 
portion it was 0.32s. 

Trans, vib. The max. 2a was 3.1mm, the average period in the 
principal portion being 0.83s. In the preliminary portion there were 
small vibrations of an average period of 0.2lis. 

Long. vib. The max. 2a was 1.9mm, the period being very short. 
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Exp. -No. 2. The engine (No. 6) passed over the girder in 5s. 
Deflection = 17.1mm. 

Vert. vib. The max. ii\ was 4.2mm, the average period in the 
principal portion being 0.37s. The vibrations in the preliminary portion 
and the end portion were also legnlar, their average periods being 
respectively 0.33s and 0.31s. 

Trans, vib. The max. 2a was 5.0mm, and the average period in the 
principal portion was 0.87s ; there being some micro-vibrations. 

Long. vib. The max. 2a was 1.9mm, the period being extremely 
short. 

Exp. No. ,'J. 4 men together ran once over the girder, in about 22s. 

Vert. vib. The motion was at first nil but gradually accumulated to 
a max. 2a of 1.4 mm, the average period being 0.30s. 

Trans, vib. The motion was almost exactly the same as in the 
following experiment. 

Long. vib. Nil. 

Exp. No. 4. This was the continuation of the preceding experiment, the 
same 4 men running back over the girder. 

Vert. vib. The max. 2a was 1.8mm, the average period being 0.31s. 

Trans, vib. The max. 2a was 0.6mm, the average period being 
0.75s. 

Long. vib. Nil. 

19. The results of the aljove experiments are collected in the 
following table, where the T's of the vertical, transverse and longitudinal 
vibrations are the average periods of the respective principal movements. 



i 

Bridge. 



Chubetsu 



3rd Ishikari 



99 
99 

99 



2nd Ishikari 



99 
99 
99 
99 
>» 



Osarappe 



99 



2nd Ishikari 



99 



1st Ishikari 



99 
99 



* '2a denoted 



/ 



AND VIBRATION OF RAILWAY BRIDGES. 



33 



The periods of vibration in the preliminary and end portions of the 
motion, namely just before and after the passage of the engine or train, 
are generally a little shorter than in the principal portion. As an example, 
let us take the first and second experiments on the 1st Ishikari-grafm 
bridge 230' trass. 



TABLE Vm. 

THE 1st mmKkia-GAJVA BRIDGE; 200' DOUBLE 

WARREN TRUSS. 



No. of expt. 


Average period in the 




Principal portion. 


Preliminary portion. 


End portion. 


1 


0.39s 


0.25s 


0.32s 


2 


0.37 


0.33 


9.31 


Mean. 


0.38 


0.29 


0.32 



Thus the average period in the principal portion was 0.38s, while 
the mean value of the periods in the preliminary and end portions was 
smaller by } the amount, being equal to 0.30s. This difference is eud to 
the weight of the engines. 

Period. Generally, in the movement of a given elastic body, there 
may exist the fundamental vibration, and its harmonics or those vibrations 
whose periods are respectively A, J, ... of the latter. The bridge 
vibrations under consideration seem also to show this phenomenon, for 
example, as follows. — 
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TABLE IX. 

AVERAGE PERIODS OF THE TRANSVERSE MOTION. 

(FUNDAMENTAL AND HARMONIC VIBRATIONS). 



Bridge. 


Average period of the 


Principal vibrations. 


Small vibrations 
superposed on the 
principal. 


Vibrations in the 
prel. or end 
portion. 


Chubetsu 100' 


0.53s 


0.29s 


0.29s 


2nd Ishikari 70' 

(5tli exp.) 


0.43 


0.20 


0.21 


Mean 


0.48s 


0.25s 



In these cases, the period of the harmonic is £ that of the principal 
vibrations. 

The results contained in Table VII mav be summarized as follows. — 
Deflect io7i. The greatest deflection of 17.1mm occurred in the case of 
the 1st Ishikari-gratm 200' double Warren truss, while the smallest value 
of 4.9min, occurred in the case of the 2nd Ishikari -ga wa 20' plate girder. 
Excepting, however, the case of the 1st Ishikari-f/a?rns bridge, the greatest, 
deflections occurred in the cases of the plate girders of the 2nd Ishikari- 
ffaicn (70') and the Osarappe-</(//r« (50') bridges. (The deflection of the 
Olmbetsiw/ttftT/ 60' plate girder has not been measured.) Thus the me;m 
deflection of the 3rd Ishikarw/wr./ 100' Pratt truss was 11.6mm, when 
tried with two heavy tank engines Nos. 6 and 7 joined in series ; -while 
the deflection of the similar 10')' Pratt truss of the Chubetsiw/rwy/ was, 
under the engine No. 9, only 8.8m m. On the other hand, the deflection 
of the '2nd Ishikari-r/(/?w 70' plate girder, due to the engine No. 6 or No. 
2, amounted to 11.0 to 11.4mm ; while that of the Osarappe-f/rf/w 50' plate 
girder, due to the engine No. 7, was 10.0mm. 
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Vertical vibration. The maximum vertical vibration occurred in the 
case of the 1st Ishikari-grrnra 200' truss, its range being 4.2mm. 
Excepting this bridge, however, the greatest vertical motion occurred in 
the case of the 2nd Ishikari-i/awa 70' plate girder, whose range of motion, 
under the passage of the engine No. 2 or No. 6, reached 1.5mm ; being 
even greater than the maximum motion of 1.3mm for the 3rd Ishikari- 
gaica 100' truss, due to the passage of the two engines Nos. 6 and 7 in 
series. In the cases of the Osarappe-</a*ra 50' and the 2nd Isbikari-e/rtwa 
20' plate girder, the maximum motion was disproportionately great and 
reached 1mm. The average period of vibration was shortest, namely, 
0.12s, in the case of the Osarappe-gw jra 50' girder ; (that of the 2nd 
Ishikari-f/ftira 20' girder was too short to be accurately measured) ; and 
longest, namely, 0.38s in the case of the 1st Ishikari-</«<r« 200' truss. 
The average periods of the 2nd Ishikari-t/ajra 70' plate girder and of the 
3rd Ishikari-(/a?ra 100' truss were nearly equal to each other, being 
respectively 0.19s and 0.21s ; both of these values, however, differ much 
from the average period of the Osarappe-r7«?m 50' girder. 

Thus it will be seen that the two similar 100' Pratt trusses of the 
Clmhetsu-gatca and the 3rd Ishikari-gaiua bridges have smaller deflection 
and vertical vibration than the 70' and 50' plate girders of the 2nd 
Ishikari-</r/?m and the Osarappe-</a?ra bridges, the period of vibration of 
the former bridges being shorter than tliat of the latter. This fact proves 
that the two 100' trusses designed by Messrs Tanabe and Eda are 
sufficiently strong notwithstanding the proportionally smaller mass. 

Transverse vibration. The greatest transverse motion of 5.0mm 
occurred in the case of the 1st Ishikari-grawa 200' truss under the passage 
of the engine No. G. The next greatest movement of 4.9mm occurred in 
the case of the 3rd Ishikari-gra?ra 100' truss under the passage of the two 
engines, Nos. 6 and 7, in series. Excepting these two bridgas, however^ 
the greatest transverse motion was shown by the 2nd Ishikari -#a?m 70' 
and the ()sarappe-</a?rr/ 50' plate girders. The average period of 
vibration was longest in the case of the 1st Ishikari-gwuw bridge and 
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shortest in the case of the 2nd I&hikavi-gawci. 20' girder, being respectively 
0.85s and 0.11s. 

Longitudinal vibration. The smallest longitudinal motion occurred in 
the case of the Chubetsu 100' truss and the first experiment on the 2nd 
Ishikari-gawa 70' plate girder, being respectively 1.0mm and 0.5mm. In 
the latter case, the smallness of the motion was probably due to the small 
number of the cars and the lightness of the engine. In general, the 
amount of the longitudinal vibration seems to increase with the decrease 
of the span ; the greatest amount of 2.3mm having occurred in the case of 
the 2nd Ishikari-grcrwa 20' plate girder. The period of vibration was 
always very short. 

The three component vibrations are small when the trains pass over 
very slowly, as will be seen from the case of the 3rd Ishikari-grawa 100' 
truss. 

Effect of wind. Bridges of long span execute at all times more or less 
vibrations, due principally to the effect of winds. Thus, for example, in 
the 8th experiment on the 2nd Ishikari-<7«*m 70' girder, there blew 
moderate winds, which caused slight transverse vibrations ; the period 
of these natural movements was 0.38s, being the same as when a few men 
ran over the girder. 

Effect of a few men rumimj. The 2nd Ishikari-r/arm 70' girder 
showed 0.3mm transverse vibration when two or three men walked slowly 
over the bridge, the period being 0.38s. (The vertical motion ought of 
course to have existed, but it was not measured ) In the case of the 1st 
Ishikari -yaica 200' truss, a very remarkable effect was produced by 
causing four men to run once over the bridge ; namely, the maximum 
vertical vibration thus produced reached 1.8mm, not very different from 
the motion of 3.1mm produced (in the 1st experiment) by the passage of 
engine No. 1. The average period of the vertical vibration was 0.31s, or 
0.07s shorter than the mean period of 0.38s caused by the trains 
themselves. The maximum transverse motion of the same 200' truss, 
produced by the same 4 men was 0.6mm ; the average period being 0.75s, 
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or about 0.1s shorter than the average period of 0.85s due to the train. 
In these cases, the longitudinal vibration did not exist. 

20. Kancutugi-gatca Bridge : SO 1 Pla(3 Girder Deck. 
This bridge was newly constructed on the Shinbashi and Akabane 
Railway. The experiments were made on Oct. 25th 1899, when the 
bridge was opened for the traffic, with a heavy tank engine whose weight 
was 48 tons. The measurements of the deflection and the vibrations were 
all made by means of a vibration measurer, there being no necessity for 
using a deflectometer for bridges of such a short span, which is passed over 
by an engine in a very short time interval. The results were as follows. 
Exp. No. 1. The engine passed over very slowly. (Deflection not 
measured.) 

Vert. vib. The motion consisted of a comparatively slow principal 
vibrations with very quick micro-vibrations superposed ; the max. 2a of 
these two classes of movements being respectively 0.6mm and 0.8mm. 
In the end portion, there were vibrations of an average period of 0.053s. 

Trans, vib. The max. 2a was 0.9mm. In the principal portion, 
there were two sets of vibrations whose average periods were respectively 
0.22s and 0.10s. Besides these there were very quick micro-vibrations, 
whose max. motion of 0.9mm occurred after the passage of the engine. 

Long. vib. The max. 2a was 0.3mm, the period being very short. 
In the end portion, there were some trace of vibrations of an average 
period of 0.057s. 

Exp. No. 2. The engine passed over the girder in 1.3s. 
Deflection — 0.0mm. 

Vert. vib. The max. 2a of the fundamental vibrations was 0.7mm. 
In the principal portion there were also prominent quick movements, 
whose max. motion was 1.4mm. In the end portion, the average period 
was 0.052s. 

Trans, vib. The max. 2a was 2.6mm ; the average period being 0.20s 
in the principal portion and 0.11s in the end portion. The max. 2a of 
the superposed quick-vibrations was 0.4mm. 

Long. vib. The max. 2a was 0.7mm, the period being very short. 
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In - the preliminary portion, however, there were small but distinct 
vibrations of an average period of 0.10s. In the end portion the average 
period was 0.09s. 

Exp. No. .7. The engiue passed over the girder in 1.1s. 
Deflection — 6.9mm. 

Vert. vib. The max. 2a was 0.8mm, the average period being 0.06s 
in the principal portion, 0.049s in the end portion, and 0.05s in the 
preliminary portion. There were also small but distinct micro-vibrations 
of an average period of 0.022s, whose maximum motion was 1.0mm. 

Trans, vib. The max. 2a was 2.5mm, the average period in the 
principal portion, which consisted of distinct vibrations, being 0.10s. 
The max. 2a of the micro-vibrations was 0.7mm. 

The results of the above experiments are summarized in the following 
table. 



TABLE X. 

KANASUGI-^/K.1 BRIDGE; DEFLECTION 

AND VIBRATION. 



No. of 
expt. ; 


Deflec- 
tion. 

(mm) 


Vertical Vibration. 


i Transverse 
Vibration. 


Long. 
Vibration. 


Max. 2a (mm) 


T(s) 


Max. 2a (mm) 

1 


T(8) 


Max. 2a (mm) 


1 

o 

3 

1 
! 


i 
i 
i 

i 

6.0 
6.9 

1 
l 


0.6(0.8) 
0.7(1.4) 
0.8(1.0) 


0.053 
0.052 
0.060 


i 

0.9(0.9) 
2.6(0.4) 
2.5(0.8) 


.0.22 
10.10 

0.20 
0.10 


1 

! 0.3 

i 
1 

1 0.7 

( 
1 

1 o 

JL.«J 

i 


Mean. 


6.5 j 


0.7(1.1 j 


0.055 


2.6* (0.7) • 

l | 


0.21 
0.10 





* Exp. No. 1. excepted. 
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The period given in the above table is the average period of the 
principal vibrations. Further, the max. 2a means the greatest 
fundamental vibration in the respective component, the maximum of the 
superposed quick vibrations being given within brackets. In the case of 
the transverse motion, there were two kinds of vibrations whose periods 
were respectively 0.21s and 0.10s. 

21. Ibi-gawa Bridge ; Double Warren Trim through 200' . 

The experiments were executed on April 16th 1900, the instruments 
having been set up on the right-hand side bottom chord of the second 200' 
trass (counted from the Tokyo side). The measurement of the deflection by 
means of the deflectometer was successful only in the cases of the express 
trains in the 2nd and 7th experiments, when the engines passed over the 
span each time in 5s. As there was no water beneath the girder 
experimented upon, Mr. Toshida of the Railway Department measured 
the deflections directly by means of wooden beams erected under the 
bottom chord of the trass at its middle. The results so obtained are also 
given in Table XII and are marked " checks." The height of the bottom 
chord above the river bed was about 30'. 

The engines and trains were as tabulated next. 
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TABLE XI. 

TBL-GAWA BRIDGE EXPERIMENTS; TRAINS 

AND ENGINES. 



No. of 
experiment. 


Train. 


No. of 
train. 


No. of 
engine. 


Total weight 
of engine. 


Weight of 
tender. 


1 


Up. 


246 




t 

28.00 




2 
3 


Down. 


103 

(2 men 
running) 


11 (Tank 
engine.) 




4 


Up. 


420 (Goods 
train.) 


102 („) 


33.43 




5 




(Natural vibr.) 








6 


Up. 


106 


11 (») 


28.00 




7 
8 


Down. 
Up. 


119 
247 


83 (Tender 
engine.) 

88 („) 


43.60 

99 


15.9 

99 


9 


99 


108 


88 („) 


99 


:> 


10 


Down. 


105 


10 ; (Tank 
engine.) 


23.43 





The results of the experiments were as follows. 
Exp. No. 1. 

11 " 

Deflection = ~jg~ or 17.5mm. (Measured at the river bed.) 

Vert. vib. The max. 2a was 1.4mm and the average period in the 
principal portion was 0.37s, there being also small quick vibrations of an 
average period of 0.17s. In the preliminary portion the average period 
was 0.23s. 

Exp. No. 2. The engine passed over the girder in 5s. 

Deflection = 18.0mm. (Measured by instrument on the bridge.) ; 

5" 

„ = "~q — or 15.9mm. (Measured at the river bed.) 
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Vert. vib. The max. 2a was 4mm, the average period in the principal 
portion being 0.27s. In the preliminary portion, when the engine was 
not yet on the girder, there were already some distinct movements of 
which the maximum was 1.2mm and whose average period was 0.27s. 

Exp. No. 3. 

Vert. vib. The max. 2a was 0.5mm, the average period being 0.28s. 
Exp. No. 4. 

3" 

Deflection = or 19.0mm (measured at the river bed). 

Vert. vib. The max. 2a was 2.2mm, the average period in the 
principal portion being 0.37s. In the preliminary portion, there were 
two sets of vibrations of average periods respectively of 0.19s and 0.33s. 

Trans, vib. In the preliminary portion, the vibrations had a 
maximum range of 0.2mm and an average period of 0.32s, here and there 
superposed with quick vibrations of an average period of 0.20s ; these 
different sets of movements being themselves superposed on slow 
vibrations of an average period of 0.74s. During the 2.3 seconds 
interval after the entrance of the engine on the girder, the motion 
consisted entirely of vibrations (max. 2a = 1.0mm) of an average period of 
0.24s. But thereafter large vibrations became predominating and 
indicated the max. (absolute) 2a of 4.8mm ; and the motion was most 
active during 6 seconds between the 7th and 13ths after the entrance of 
the engine on the girder, the average period during that interval being 
1.06s. In the end portion the average period was 0.75s. 

Long. vib. The record receiver of the vibration measurer was set 
in motion 17s before the entrance of the engine on the girder ; but already 
then there existed distinct vibrations whose maximum was 0.15mm and 
whose average period was 0.34s, there being also some quick vibrations. 
In the principal portion, the average period was 0.30s and the max. 2a of 
0.35mm happened 12s after the entrance of the engine on the girder. 
The max. 2a of the quick vibrations was 0.1 mm, their average period 
lxung 0.039s. 
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Exp. No. 6. In this experiment, I have measured the natmvi vibrations 
of the bridge, not caused by artificial disturbance or by the existence of 
any appreciable amount of wind. 

Trans, vib. The max. 2a was 0.2mm, the average period being 0.72s. 

Long. vib. Nil. 
Exp. No. U. 

5" 

Deflection = — g— or 15.9mm (measured at the river bed). 

Vert. vib. The motion existed already at 13.3s before the entrance 
of the engine on the girder. During this preliminary portion the 
amplitude remained almost constant (max. 1.0mm), the average period 
being 0.30s. In the principal portion, the max. 2a was 4.6mm and the 
average period 0.31s. In the end portion the average period was 0.31s. 

Trans, vib. In the preliminary portion the average period was 
0.34s. In the earlier part of the principal portion, that is to say, when 
the engine just came on the girder, the maximum motion was 3.1mm and 
the average period 0.29s. The absolute max. 2a of 5.8mm, however,, 
occurred a few seconds later on, when the average period was 0.86s. 

Long. vib. In the prelim inaiy portion, there werer egular 
vibrations (max. motion = 0.3mm) of an average period of 0.33s. As the 
engine approached the girder, there appeared quick vibrations of an 
average period of 0.041s. The max. 2a in the principal portion was 
0.8mm. 

Exp. No. 7. 

Deflection = 13.3mm (measured instnimentaliy on the bridge) ; 

1" . , 

„ = or 12.7mm (measured at the river bed). 

Vert. vib. The max. 2a was 4.5mm, the average period being 0.39s. 
in the principal portion and 0.41s in the end portion. 

Trans, vib. In the preliminary portion, when the engine was not 
yet on the girder, there were small movements of an average period of 
0.36s ; but as the engine came on the girder, the motion consisted at first 
almost entirely of vibrations of an average period of 0.20s. After 1.3s,. 
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there appeared regular slow vibrations, whose max. 2a was 5.3iuin and 
whose average period was 0.86s. In the end portion, the motion was 
also regular and had an average period of 0.74s. In the preliminary 
portion, there were distinct quick vibrations (max. motion = 0.2mm) of an 
average period of 0.034s. 

Long. vib. In the preliminary portion, there were comparatively slow 
small vibrations of an average period of 0.35s. In the principal portion, 
the motion consisted of similar vibrations (max. 2a = 0.7mm), the average 
period being 0.37s. On these movements were superposed quick 
vibrations of an average period of 0.033s. 
Exp. No. 8. 

9" 

Deflection =~Jg~" or 14.3mm (measured at the river bed). 

Vert. vib. The max. 2a was 2mm, the average period being 0.36s 
in the principal portion and 0.38s in the end portion. Towards the end 
of the principal portion, however, there were vibrations of an average 
period of 0.18s ; at the commencement of the same portion there were 
quick vibrations of an average period of 0.034s. 

Trans, vib. The max. 2a was 7.3mm, the average period being 0.98s 
in the principal portion and 0.72s in the end portion. 

Long. vib. In the preliminary portion there were small movements 
of an average period of 0.33s. 

Exp. No. 9. The engine passed over the girder in about 7s. 

1" 

Deflection = — g"" or 12.7mm (measured at the river bed). 

Vert. vib. The max. 2a was 2.2mm. The motion in the principal 
portion consisted chiefly of vibrations of an average period of 0.42s mixed 
up with those of an average period of 0.22s. In the preliminary portion, 
the average period was 0.27s. 

Trans, vib. The motion already existed at 20s before the entrance 
of the engine on the girder, when the record-receiver of the apparatus 
was started ; the average pericnj in this preliminary portion being 0.73s. 
As the engine entered on the girder, the motion consisted, for the first 



44 



F. OMOBI: ON THE DEFLECTION 



2.7s, almost entirely of the vibrations (max. = 1.4mni) of an average period 
of 0.19s. Thereafter appeared well defined slow vibrations, of which the 
max. 2a was 4.0mm and average period 0.80s in the principal portion and 
0.75s in the end portion. At the 39th second after the entrance of the 
engine on the girder, when the record-receiver of the apparatus was 
stopped, the motion was still well defined and had a range of 0.7mm. 

Long. vib. In the preliminary portion the max. motion was 
0.15mm and the average period 0.30s ; the average period of the 
superposed quick vibrations being 0.18s. In the principal portion the 
max. 2a was 0.2mm. 
Exp. No. JO. 

7" 

Deflection =^g- or 11.1mm (measured at the river bed). 

Vert. vib. The max. 2a was 1.0mm and the average period 0.27s. 

Trans, vib. When the engine just entered on the girder, the average 
period was 0.57s, the maximum motion being then 3.3mm. The principal 
portion first began 13s thereafter, the max. 2a being 4.7mm and the 
average period 0.85s. In the end portion the average period was 0.74s. 
In the preliminary portion, there were also quick vibrations of an average 
period of 0.18s. 

Long. vib. The amplitude of the comparatively slow vibrations was 
small. The superposed quick vibrations were, however, prominent, the 
max. 2a being 0.2mm. 
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TABLE XIL 

TBL-GAWA BRIDGE : DEFLECTION AND VIBRATION. 



Vertical 
Vibration. 


2a(mm) 


T(8) 


1.4 


0.37 


4.0 


0.27 


0.5 


0.28 


2.2 


0.37 


4.6 


0.31 


4.5 


0.39 


2.0 


0.36 


2.2 


0.42 


1.0 


0.27 




0.36 



No. of 
experi- 
ment. 



i 

2 
3 
4 



5 



6 
7 
8 
9 
10 



Mean.* 



Deflection. 



Deflecto- 
meter. 



mm 

18 



13.3 



" Check "f 



11 



10 
5" 



8 



mm 

= 17.5 
= 15.9 



3" 



= 19.0 



5" 



8 
1" 



2 
9" 



16 
1" 



2 
7" 



16 



15.9 
12.7 

14.3 
12.7 
11.1 



Transverse 
Vibration. 



2a(mm) 



4,8 
0.2 



5.8 



5.3 
7.3 
4.0 

4.6 



T(8) 



1.06 
0.72 
0.86 
0.86 
0.98 
0.80 
0.85 



Longitudinal 
Vibration. 



2a(mm) T (s) 



0.35 



0.91 



0.8 
0.7 



0.2 
Small 



o.:;o 



0.33 
0.37 
0.33 
0.30 



0.33 



The results contained in the above table roav be summarized as 
follows. 

Deflection. The deflections determined with the instrument set up on 
the girder itself, in expt. Nos 2 and 7, are approximately equal to those 

3" 

directly measured. The maximum deflection of or 19.0mm occurred 

7" 

in expt. No. 4 (engine No. 102), while the minimum deflection of ~~jg~ or 
11.1mm occurred in expt. No. 10 (engine No. 106). It is, however, to be 



f The "checks" were originally measured wijh an inch scale. 

* For the vertical -vibration, expt. No. 3 is excluded in the deduction of the mean ; 
Himiliirly, for the transverse vibration, exp. No. 5 is excluded. 
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remarked that engines Nos. 102 and 106 were exactly similar to each 
other, both being tank engines of weight 33.43 tons. Again the deflection 

5" 

was g or 15.9mm in expt. Nos. 2 and 6, the engine being ih each case 

No. 11, a tank engine of weight 28.00 tons. On the other hand, in expt. 

1" 

Nos. 7, 8 and 9, the deflection was slightly smaller and vaxied from — 

9" 

or 12.7mm to or 143mm ; the engines in these experiments being 

Nos. 83 and 88, which were each a tender engine of weight 43.60 tons. 
These examples show that the deflection may not always be simply 
proportional to the weight of the engine in working order. 

Vertical vibration. The maximum vertical motion varied in the 
different experiments between 4.6 mm and 1.0 mm. The average period 
in the principal portion varied between 0.27s and 0.42s, giving a mean 
value of 0.36s. 

Transverse motion. (Expt. Nos. 3 and 5 excepted.) The maximum 
transverse motion varied in the different experiments between 7.3 mm 
and 4.0 mm. The average period in the principal portion varied between 
0.80s and l.OCs, giving a mean value of 0.91s. 

Longitiulinal vibration. The maximum longitudinal motion was 
0.8mm ; the average period of the slow movements (pier motion) being 
0.33s. 

What has been said above relates to the vibrations in the principal 
portion. In the case of the vertical and the transverse components, how- 
ever, the period in the preliminary and end portion is generally a little 
shorter than that in the principal portion, as will be seen from the 
following table. 
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TABLE Xm 



IBI-GAWA. BRIDGE EXPERIMENTS. (Co>U.) 



No. of experiment. 



1 

2 
4 
6 
7 
8 
9 
10 



Mean. 



Average period in the preliminary or end portion. 



Vertical Vibration. 



I 



0.23 sec. 

0.27 
0.38 
0.19 
0.31 

0.41 
0.38 
0.18 
0.27 



Transverse Vibration. 



0.75 
0.32 
0.34 
0.74 
0.36 
0.72 

0.74 

0.74 



I 



0.31 
0.19 



0.74 
0.34 



Thus the principal average period in the preliminary or end portion 
was 0.31s for the vertical vibration and 0.74s for the transverse vibration, 
both being smaller than the corresponding mean values given in Table 
XII. In some of the cases, there were in the vertical component the 
vibration of an average period of 0.19s, and in the horizontal component 
those of an average period of 0.34s. In expts Nos. 3 and 5, in which the 
girder was moving by itself or caused to move by a few men running over 
it, the periods were nearly equal to those givin in Table XII. In expts 
Nos. 6, 7 and 9, the vibrations of periods O.Ks to 0.29s (mean = 0.23s) 
occurred at the entrance of the engines on the girder ; the principal large 
movements appearing a few seconds later on. 

22. Kizurga wa Bridge ; Skew Pratt Truss through 200'. 
The bridge, which spans over the l£Aza-gaw a in the vicinity of the Easagi 
Sttaion, stands on piers about 70' high. (Tt would be interesting to 
measure also the vibration of the piers themselves.) 
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The measurement of the deflection and the vertical vibration was- 
made on April 15th 1900 by means of a deflectometer, which was set np 
at the middle of the up-stream side bottom chord of the truss. 

The experiments were made in four wars as follows; 1M tjrpl^, an 
express down-train, engine No. 36 ; 2md erpi^ a goods train ; 3rd trpt^ 
an express down-train, with engine No. 39 at the head and engine 
No. 3 at the end ; 4ik erpf., two men running together over the girder 
from one end to the other and then back again. The two engines Nos. 36 
and 39 were alike, each being a tender engine whose total weight is 64 
tons and the weight of whose tender is 23J>0 tons. Engine No. 3 was 
a tank engine weighing 36.15 tons. In the 3rd experiment, the time 
interval between the passages of the two engines was lis. The deflection 
was successfully measured in the cases of the express trains, namely, in 
the 1st and 3rd experiments. (PL Yli gives the diagrams obtained in 
these two experiments.) 

The results were as follows. 
Ejrp. Xo. L 

Deflection = 15.2mm. 

Vert, rib. The max. 2a was 4.6mm. the principal portion consist ing 
of well defined vibrations of an average period of 0.40s, almost perfectly 
free from superposition of quick vibrations. In the end portion the 
vibrations whose average period was 0.19s, were superposed more or less 
distinctly on slow movements of an average period of 0.43s, The average 
period in the preliminary portion was 0.18s. 

Ejj4. Xo. The measurement of deflection was unsatisfactory, as the 
record receiver of the apparatus was started a little too late. * 

VerL vib. The max. 2a was 5.2mm. the average period in the 
principal portion being 0.37s. 
E n ,. X *. 

Deflation — 16.S:nn:. due to engine No. 39. The deflection dot to 
engine No. 3. which pa«s*ed over lis after the first, was not satisfactorily 
registered but was certainly less than the amount here given. 

Vert. vib. Th* n^ax. 2a due to engine No. 39 wa< 4.2i:im. the 
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average period in the corresponding principal portion being 0.33s ; while 
the max. 2a due to engine No. 3 was 2.5min, the average period in the 
corresponding principal portion being 0.42s. The motion was still active 
daring 6s after the passage of the end engine and had an average period 
•of 0.30s. The record-receiver was stopped 14s further on, but the motion 
was then still well defined ; the average period in the end portion being 
0.32s. The motion consisted of regular vibrations, almost perfectly free 
from the superposition of micro-vibrations. 
Expt. No. 4. 

Vert. vib. The max. 2a was 1.8mm, the average period being 0.32s 
in the principal portion and 0.30s in the end portion. 

The following table gives a summary of the results of the above 
-experiments. 



TABLE XIV. 

KIXU-GAIVA BRIDGE EXPERIMENTS; DEFLECTION 

AND VERTICAL VIBRATION. 



No of. 
experiment. 


Deflection, 
(mm.) 


Vertical Vibration. 


Max. 2a 
(mm) 


Aver. per. in the 
principal portion. 


Aver. per. in the 
preliminary, or 
end portion. 


1 

2 


16.2 


4.6 
5.2 


0.40s 
0.37 


1 0.43s 
10.19 


3 


16.8 


4.2 


0.38 


0.31 


4 




1.8 


0.32 


0.30 


Mean. 


16.0 

1 1 




0.38* 


(0.37* 
10.19 



• Exp. No. 4 excluded. 
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The average period in the principal portion was 0.38s, while that of 
the natural vibrations, due to the running of two men, was 0.31s. 

23. Summary of residts. It is my intention in future to reduce 
somewhat the size of the instruments and thus render the apparatus still 
more convenient for practical working. A general discussion of the 
movements of railway bridges is reserved for another occasion when the 
measurements of many other bridges have been obtained. We can, 
however, at present discuss some important consequences from the 
experiments so for completed. Thus, the 50' and 70' plate girders of the 
Osarappe-graira and the 2nd Ishikari-grau'a bridges have shown nearly 
equal amounts of deflection and also of vertical, transverse and longitud- 
inal vibrations as the 100' Pratt trusses of the Chubetsu-grawa and the 3rd 
Ishikari-grawa bridges ; in some cases the amounts have been even greater 
in the two first named than in the two last named. This shows that these 
plate girders are comparatively weak and not constructed in accordance 
with sufficiently accurate mechanical principles. The large amount of 
the vibratory movements of a plate girder deck may be partly due to 
the fact that the trains pass over it and cause it to vibrate as an inverted 
pendulum. In the case of a truss girder through, on the other hand, such 
an effect would be small. 

The deflection and vibration experiments furnish us criterions of the 
quality of an iron bridge or other structure, deflection being the test of 
strength and vibration that of rigidity. The high rigidity of an iron 
bridge is, I believe, defined by the smallness of amplitude and the short- 
ness of period, of the vibratory movements. 

The remarkably large amount of vertical vibration produced by 
causing 2 to 4 men to run together over the 200' girders of the 1st Ishi- 
kari-</aira and the Kiza-gawa bridges is a very good illustration of the 
accumulation of motion of an elastic body, when the cause of disturbance 
is continued sufficiently long, the movements being in these cases the 
natural or proper elastic vibrations of the bridge girders. This fact 
explains why a bridge sometimes gives way and breaks when many 
people are gathered on it, although initially found good when tested with 
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a stationary load ; the continually moving mass leading to an accumula- 
tion of the vertical vibrations. 

The vibrations of bridge girders, due to the passage of railway trains 
are also their proper movements, that is to say, they have for a given 
load a p©ri°cl or periods of motion approximately constant for each 
of them ; the period therefore does not depend on the velocity of the 
locomotives or on the distances between the wheels of the cars. The 
effect of the engine is to prolong the period by a small amount ; in the 
cases, for instance, of the vertical vibration of the 200' trusses of the 1st 
Ishikari-//f/?r<7, the Ibi-gaica and the liizu-yawa, this increase of period 
varied between 0.08s and 0.14s, tl:e period of the natural vibrations of 
these trusses being from 0.2^s to 0.32s ; the weight of t] o engines in 
these experiments varied from 43. G tons to 64.0 tons. 

The following table, which has been constructed from the tables 
already given, embodies the maximum and mean values of the deflec- 
tions as well as the elements of motion of the three component 
movements. In deducing the figures in the table, the natural vibrations, 
or those caused by winds, etc., have not been included. Further, the 
mean max. 2a denotes the mean value of the maximum ranges of motion 
in the different determinations relating to a given bridge, while the 
absrtute max. 2a is the greatest among these various maxima ; and 
similarly the mean T denotes the mean value of the average periods of the 
principal vibrations, max. T being the longest one among these. The 
numbers in the horizontal lines marked with ashnalcn (*) in this table as 
well as in Table XVI are those which represent, or may be regarded as 
representing, the cases of the application of the maximum load. 
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lielation betiveen the span and the deflection ami vibration. The following 
remarks on the relation between the span and the deflection and vibration 
are based on the foregoing table, Figs. 4 to 10 giving the graphical 
illustrations. 

Deflection. The following table gives the ratio of deflection and span 
of the different bridge girders, expressed in fractions and decimals. 



TABLE XVI. 



AMOUNT OF THE BRIDGE DEFECTIONS. 



Bridge. 



Ratio of maximum deflection to span leugth. 





(in fraction.) 


(in decimal.) 


Bokugo* 100' 


i 

l 7 M (1 


0.00050 


Clinbeteu, 100' 




0.00021) 


3rdlshikari*100' 

* 




0.00040 


2ndlshikari, 70' 


1 

"I H f t» 


0.00054 


Osarappe,* 50' 


1 

"I S '2 o 


O.OOOGf) 


2nd Ishikari * 20' 


t_.. 
1 1 !> o 


0.00084 


1st Ishikari, 200' 


is r»V. o 


0.00028 


Kauasngi,* 30' 


...j 

l :; :t o 


0.00075 


I hi, 200' 


1 

ii -J l o 


0.00081 


Kim, 200' 


3 r/.l iT 


0.00028 



* Ciixes of boavic *t load. 
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The ratio of deflection to span of the different bridges, expressed in 
fractions, thus varies between ff (min.) for the 200' trusses and T1 Vo 
(max.) for the 20' plate girder of the 2nd Ishik&ri-gawa bridge. If the 
allowable amount of the deflection be, as adopted by the Imperial Railway 
Bureau, fixed at yj^, all the bridges examined so far are within the safety 
limit. Even in the case of the Rokugo-</a?ra bridge, the maximum, or 
full load, deflection in the present state of the traffic does not exceed T? l 8 . 
In Fig. 4, which illustrates the relation between the span and the ratio of 
the deflection to the latter, expressed in decimals, the points (®) indicate 
the cases in which the engines in the experiments were not the heaviest 
that may pass over the bridges in question. In the cases of the three 
200' trusses of the 1st Ishikari-jfafm, the Ibi-gawa and the Kizn-gawa 
bridges winch were of this nature, I take provisionally for the ratio 
corresponding to case of the full load, the value of 0.00045, obtained by 
increasing by 50% the mean deflection of the three bridges. (This is 
represented by the point B.) Now the different bridge girders are of 
different construction and consequently their strengths are not simply 
proportional to the deflections. For illustrating the general relation of 
the span and deflection, however, I have drawn the two curves (I) and 
(II), connecting the different points, where (I) represents the cases when 
the load was the heaviest possible, and (II) those when the load was that 
in the ordinary daity traffic. From these curves it will be seen that the 
ratio of the deflection of the 200' trusses amounts to only i or } of that of 
the 20' -70' plate girders. Again the amount of deflection of these latter 
girders was disproportionally large while that of the 3rd Isliikari-r/aw 
and the Chubetsu-gra^m 100' trusses was very small. In Fig. 5, which 
illustrates the relation between the actual amount of the deflection 
(expressed in mm) and the span, the curve represents the condition in 
the actual traffic, the sign (®) having the same signification as in Fig. 4. 

Vertical vibration. Fig. 6 illustrates the relation between the span 
and the (abs.) maximum vertical motion. Excepting the Rokugo- 
(jatra bridge, the three 200' trusses of the 1st Ishikari, the Ibi and the 
Kizu bridges gave a mean vertical vibration of 4.7mm, which is much 



Fig. 4. Belation between Span Length and Deflection. 

Y 

qooojog 



A'= .S/nut length . 

Y*=ftnfio of majr. tirflrvtian to tpt/it (ent/tA . 



Fig. 5. Relation between Span Length and Deflectiiu 



X=-5fran,frngiA . 
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larger than the corresponding quantity of the other 6 bridges, whose 
girders vary between 20' and 100' in length. The large amount of the 
vertical motion in the cases of the 200' trusses is probably due, in part, 
to the phenomenon of the accumulation of motion, as explained before. 

Fig. 7 illustrates the relation between the (abs.) maximum period of 
the vertical motion and the span. It will l>e seen that the former 
increases more rapidly than the latter. 

Transverse vibration. Fig. 8 illustrates the relation between the span 
and the (abs.) maximum transverse motion. The movement of the 200' 
trusses was greater than that of the shorter girders ; but the difference 
between the two groups was in this case not so marked as with the 
vertical vibration. Fig. 9 illustrates the relation between the (abs.) 
maximum period of the transverse motion and the span, the former 
increasing less rapidly than the latter. 

In Figs. 4 to 9, I have taken the absolutely greatest values of the 
range of motion and of period. Nearly similar curves are obtained if we 
take the mean values instead of the absolute maxima. 

Longitudinal vibration. The maximum longitudinal motion of 2.8mm 
took place in the case of the 2nd Ish'kari-grawa 20' plate girder, while the 
minimum motion of 0.8mm took place in the case of the Ihi-gawo. 200' 
truss. As will be seen from Fig. 10, the longitudinal motion appears to 
increase with the diminution of the span. Part of this component motion 
probably arises from the vibration of the piers themselves. 

24. Comparison of bridge vibrations with the macro-seismic motion. I 
give here a comparison of the bridge vibrations with the macro-seismic 
motion. For the results of the recent earthquake measurement, the reader 
is referred to the Publications, No. 4 ; Report (Japanese), Vol. XXXII ; 
and Jour. Sc. Coll., Imp. Univ., Tokyo, Vols. II and XI, from which the 
following notes are taken. 

In the great Mino-Owari earthquake of Oct. 28th 1891, the maximum 
horizontal motion at Nagoya, estimated from various overturned columns, 
was about 210mm, the period being probably about 1.3s. 

In the great Tokyo earthquake of June 20th 1894, the strong motion 
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seismograph at the Seismologieal Institute recorded the maximum 
horizontal motion of 73mm, the period being 1.8s. The maximum vertical 
motion was 10mm. 

Miyako observation. During the 2 years between June 189(5 and June 
1898, the Gray-Milne type seismograph at the Meteorological Observatory 
of Miyako recorded 31 earthquakes, of which 8 were strong, and the rest 
were all weak or slight. The period of the maximum horizontal motion 
varied between 0.53s and 1.7s. To give examples of the range of motion, 
I take the earthquake of Aug. 31st 1896, at 4.12.48 p.m., which was one 
of the fore-shocks of the great Riku-U earthquake : in this case, the 
maximum horizontal motion was 9.0mm (period 0.94s), while the maximum 
vertical motion was 1.3mm (period 0.9s). 

Kyoto observation. During about 5 1 years between January 1895 
and March 1900, there were observed instrumentally at the Kyoto 
Meteorological Observatory 48 earthquakes, of which 2 were strong and 
the rest all tvtak or slight. The average period of the principal vibrations 
in the horizontal component was 0.9s. 

Tokyo observation. According to the late Prof. S. Sekiya, who 
measured 119 earthquakes in Tokyo during the two years between Sept. 
1885 and Aug. 1887, the average maximum horizontal motion was 1.2mm 
at Hitotsubashi and 0.37mm at Hongo, the corresponding mean pericxl 
at these two stations being respectively 1.0s and 0.76s. The vertical 
motion was in each case much smaller than the horizontal. 

According to what has been stated above it will be seen that in weak 
and slight earthquakes the maximum range of motion amounts only to 
about 1mm. When it reaches some 10mm, the earthquake is to l>e 
regarded as being strong, while with a movement of 1 or 2 inches,, 
considerable damage will be produced to brick buildings, chimneys, etc. 
If the motion reaches some 5 inches, we have a case of a great destructive 
earthquake. The average period of the principal vibration is in small 
earthquakes about Is, while in .strong and destructive earthquakes it is 
generally between 1 and 2s, there being in these latter cases also rip/th*- 
or small quick vibrations. 
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I shall next compare the bridge vibration with the macro-seismic 
motion. 

The vertical vibration of bridge girders is much greater than in stromj 
or weai earthquakes. The following tables give a comparison of the 
mean values of the vibration of the three 200' trusses of the 1st Ishikari, 
the Ibi and the Kiza-gawa bridges with the earthquake of June 20th 
1894 observed at Hongo (Tokyo); Table XVII referring to the vertical and 
Table XV 111 to the horizontal component. 



TABLE XVn. 

VERTICAL MOTION. 



Bridge, eqke. 


Max. 2a. 
(mm) 


Period of [ Max. vel. 
max. 2n (h) i (nini/s) 


Max. arc. 
(mm/s*) 


20'J' trusses of 1st Ishikari, Ibi 
and Kizu. (mean rallies.) 

Tokyo eqke of June 20, 1894, 
(Hongo.) 

Eqke of Aug. 31, 1896, 
(Miyako.) 


4.7 
10.0 
1.3 


0.4 
1.8 
0.9 


37.0 
17.4 
4.5 


58.0 

01.0 
32.0 


TABLE XV111. 

HORIZONTAL MOTION AND TRANSVERSE VIBRATION. 


Bridge, eqke. \ 


Period of 
mm. 2a. (s) 


Max. vel. 
(mm/s) 


Mux. are. 
(mm/8 1 ). 


200' trusses of 1st Ishikari, Ibi 
and Kizu. (mean values.) 

Tokyo eqke of June 20, 1894, 
(Hongo). 

Eqke of Aug. 31, 1896, 
(Miyako) 


6.2 
73.0 
9.0 


0.97 

1.8 

0.94 


20.1 
127.0 
30.0 


130.0 
444.0 
20.0 



Finally the following table gives the elements of vibration of the 
Kokugo-f/«fr(7 and the other seven bridge girders of spans less than 100'. 
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TABLE XIX. 

VIBRATION OF BRIDGES OF SPANS 100'-20'. 



Bridge. 


Max. 2a 
(mm) 


Period, (a) 


Mnx. vel. 
(mm/s) 


Max. ace. 
(mm/)*') 


I. Vertical Vibration. 


Rokugo, 


100' 


3.7 


0.25 


46.5 


1170 


Chubetsu, 


60' 










>> 


100' 


1.2 


0.25 


15.0 


379 


3rd Isliikari, 


100' 


1.4 


0.22 


20.0 


572 


2nd Isliikari, 


70' 


1.5 


0.19 


24.7 


822 


Osarappe, 


50' 


1.0 


0.12 


26.1 


1370 


2nd Ishikari, 


20' 


1.0 








Kanasugi, 


30' 


0.8 


0.06 


41.8 


4400 


II. Transverse Vibration. 


Rokugo, 


100' 


10.5 


0.64 


51.5 


505 


Chubetsu, 


60' 


3.8 


0.30 ; 


39.7 


834 




100' 


3.3 


0.53 [ 


19.5 


232 


3rd Isliikari, 


100' 


4.9 


0.51 ! 


30.1 


372 


'2nd Ishikari, 


70' 


4.4 


0.43 


32.0 


468 


Osarappe, 


50' 


4.7 


0.28 1 


52.6 


1180 


2nd Ishikari, 


20' 


2.0 


0.11 ; 


57.0 


3260 


Kanasugi, 


30' 


2.6 


0.22 


37.0 


1060 



The above three tables give a comparison of the bridge vibrations 
with the earthquake motion, in regard to magnitude and intensity. The 
bridge vibrations, though in no way equal to the movements in great 
destructive earthquakes, reach sometimes the strength of motion in fitromj 
earthquakes. As, moreover, the bridge vibrations are very quick in 
period, their acceleration is in many cases markedly greater than that of 
the earthquake motion. 

25. Hem oris on Table XV. From Table XV, it will be seen that 
the deflection as well as the vertical and the transverse vibrations of the 
Kokugo-//f/«:a 100' Warren truss are much greater than those of the 100' 
Pratt trusses of the two Hokkaido bridges; the period of the transverse 

i 
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motion being also significantly longer for the former bridge than for the 
two latter. It may also be noticed that small plate girders, such as the 
Osarappe 50', the 2nd Ishikari 20' and the Kanasugi 30' girders, are 
always subject to disproportionately large stresses. 

That a weak bridge girder has a slow period of oscillation is wel 1 
illustrated by the transverse vibrations of the 200' trusses of the 1st 
Ishikari -#a?m and the Ibi-gatva bridges. Thus the maximum length of 
the period was 1.06s for the Ibi-gaica and 0.87s for the 1st Ishikari-grawa 
bridge ; accordingly, we find the maximum motion of 7.3ram for the 
former bridge and the maximum of 5.0mm for the latter. 

To illustrate the relation between the strength of a given structure 
and the period of its vibration, suppose that there are two iron bridge 
girders, A and B, of exactly the same length and construction. If now 
the rivettiug of A is perfect, while that of B is not so, then the girders 
may be looked upon as two elastic systems of equal mass, whose elastic 
moduli are, however, unequal, A being more rigid than B. Consequently 
the girder B ought to have a longer period and be capable of being thrown 
into movements of greater amplitude, than the girder B. This considera- 
tion serves to show that it may be possible to detect imperfections, in the 
const ruct ion of a bridge girder from a careful study of its vibrations. 

The maximum range of the vertical vibration varies with the 
deflection though not simply proportional to it. Thus ; the four 
bridges of tho Rokugo, the 1st Ishikari, the Ibi and the Kizu grunt have 
largo deflections, which vary between 16.8mm and 19.0mm and whose 
mean value is 17.5m in; while the maximum ranges of their vertical 
vibration vary between 3.7mm and 5.2mm, giving a mean of 4.4inm. On 
the other hand, the remaining six girders (with the exception of the 
Chubetsu bridge 60' girder, the deflection and vertical vibration of which 
were not measured) have small deflections, which vary between 5.1mm 
and 12.0mm with a mean value of 9.0mm, their maximum vertical vibra- 
tions varying between 0.8mm and 1.5mm, with a mean value of 1.2mm. 
The measurement of the vertical vibration therefore also furnishes us 
with a test on the strength of a given bridge girder. 



60 



F. OMOHl: ON THE DEFLECTION 



The vertical aud the transverse vibrations of the different bridges as 
given in Table XV are much more violent, that is to say, they have far 
greater accelerations, than the movement in ordinary weak and strong 
earthquakes. (See § 24.) The transverse vibrations, though having little 
connection with the vertical strength of the girder, must be duly 
considered as it is likely that strong winds would much augment them. 
During the violent storm on Oct. 7th 1899* in Japan, a railway train of 
the Nippon Railway Company was, while running over the Hdki-gaica 
bridge in the province of Shimotsuke, upset and several passenger cars 
were thrown down into the river, causing a considerable loss of life. 
In this case, the overturning of the cars was of course due to the direct 
action of the wind. But I believe the horizontal vibrations of the bridge, 
which consists of a series of 70' plate girders, must have been not 
insignificant, and those might, on account of their great accelerations, 
help to increase the shaking of the cars themselves, thus favouring the 
condition of overturning of the latter. 

Recently the question has been discussed among railway engineers 
whether the overturning of railway wagons by the force of wind be 
different when the train is running quickly and when it is at rest. 
According to the present series of experiments it seems probable that 
there must exist some theoretical difference between the two cases. 
Thus, when the train is at rest, the ground and the rails are still ; but 
when the train is running quickly, say, when passeng over a bridge, the 
latter is thrown into its own vibrations, which may tend to cooperate with 
winds in overturning the wagons. 

APPENDIX. 

26. Ilozu-gawa Bridge; 280' Bow String Tnm, On Dec. 10th 19(10, 
Messrs Tanabe and Hibi of the Kyoto Imperial University, measured, 
with the vibration measurer described in §4, the vibrations of the 280' 
bow string truss of the Hozu-gawa bridge on the Kyoto Railway. The 



* This storm caused sen-waves along iilmo^t the whole coast of Japan, and great devasta- 
tion in th«; Suruga liny. 
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following is the translation of a note by Messrs Tanabe and Hibi. — 
" The Hoz\x-<jawa bridge is about 2 miles from the Saga Station and 
has a clear span of 280', being the longest which exists in Japan. The 
panel length is 18' and the distance between the two trusses is 16'; the 
total weight of the girder being 453.900 lbs. The girder was manufac- 
tured by the Pencoid Co., and has vertical as well as horizontal bracings* 
The mass of the girder is compratively small, the weight per sq. ft 
being 1620 lbs. 

" During the experiments the weather was fine, but strongly windy. 
The vibrations caused by the wind seemed, however, to be very slight. 
The measurement was repeated four times, the 4th being that of the effect 
caused by 5 men running over the girder. 

" Exp. No. 1. Up train ; 10.30 a.m. The engine passed over the 
girder in 10.4s, that is to say, with a velocity of about 19 miles per hour. 
The train consisted of engine No. 4 — three goods wagons — break van — 
one goods car — eight passenger w r agons. 

" Exp. No. 2. Up train ; 0.20 p.m. The engine passed over the 
girder in 7.4s, or with a velocity of about 25.9 miles per hour. The train 
consisted of engine No. 5 — nine goods wagons — break van —one goods 
wagons — nine passenger wagons. 

" Exp. No. 3. Down train ; 0.35 p.m. The engine passed over the 
girder in 7.8s or with a velocity of about 24.5 miles per hour. The train 
consisted of engine No. 4 — five goods wagons- eight, passenger wagons — 
one goods wagon — break van. 

" The experiments were carried on by setting up the instrument on 
the refuge at the middle of the span. The engines N03. 4 and 5 are similar 
tender engines, each weighing 47.83 tons, of which the tender weighs 1(5 
tons. The gross weight of a passenger wagon may on average be taken at 
about 5 tons and that of a goods wagon at about 3.5 tons. In the 3rd 
experiment, all the goods wagons were empty, the weight of such a wagon 
being about 4500 lbs. Dec. 9th 1900. S. Tanabe and T. Hibi. ,, 

The following is a summary of the analysis of the diagrams obtained 
bv Messrs Tanabe and Hibi. 
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Introduction 



The present volume, which may be regarded as the con- 
tinuation of the late Professor S. Sekiya's paper on the Tokyo 
earthquake measurement,* contains the analysis of the diagrams 
of the 220 earthquakes observed, with the exception of the first 
nine, between Sept. 1887 and July 1889, at three places in 

Tokyo, as follows : 



Observing station. 



Number of earth-' Position of observing station, 
quakes observed. Latitude, N. Longitude, E. 



Hougo 












iSeisraological Institute.) 


82 


35° 


42' 


29" 


139° 45' 63" 


Hitotsubashi. 


78 


35° 


41' 


17" 


139° 46' 3a" 


j Central Meteorological 


202 










| Observatory.! 











The observations at Hongo (Seismological Institute) and 
at Hitotsubashi, which form the principal object of our 
examination, were made by Professor Sekiya mostly by means 
of Ewing's horizontal pendulum and vertical motion seismo- 
graphs, which magnify the horizontal motion 4 to 5 times and 
the vertical 7 to 8 times. On the other hand, the observations 
at the Central Meteorological Observatory were made by means 
of a Gray-Milne seismograph, which magnifies the horizontal 
and vertical movements 6 and 4 times respectively. In each case, 

* Jonr. Sc. Coll. Imp. Univ., Tokyo, Vol. II, p.p. 57-75. 

f The Cental Meteorological Observatory is only W n m to the soutt-wett of Hitotsu- 
hashi. 
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the two horizontal components were in the east-west and north- 
south directions. Sometime* I have *mvle also short references 
to the records given by duplex pendulum seismographs which write 
the horizontal motion, 6 or 7 times magnified, on a stationary 
glass plate. 

The account of each earthquake is given move or less com* 
pletely according to the following form* — 

(1) Date and time of occurrence. 

(2) Result of observation at the Central Meteorological 
Observatory. In cases of strong earthquakes, notes on the area 
of disturbance are also given.* 

(The data in (1) and (2) are taken from the seismometrical 
reports of the Central Meteorological Observatory.)- 

• * ■ • 

(3) Detailed analysis of the seismograms obtained atHito- 
tsubasM and Hongo. 

The times are always given in the First Standard Japan 

Time, or that of long. 135°jy. 

For finding the relation, if any, between the amplitude and 
period of vibration, I have constructed, in cases of some of the 
stronger earthquakes, tables giving these two ebmonts of motion 
for the different vibrations, conveniently divided into groups in 
order of magnitude of the amplitude. In some cases, the exami- 
nation was confined to a single component. If not specially 
mentioned, however, the measurement for the horizontal motion 
was made with referance to its two components, that is to say, 
the range of motion(2a) denotes the resultant horizontal displace- 
ment in each vibration. 



* The exteut of the disturbed area is given in sq. ri ; 1 ri being very nearly equal 
to 4 km. 
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The preliminary tremor, principal portion and end portion, 
into which an earthquake motion may be divided, are defined 
as follows. — (1) The preliminary tremor is the introductory 
part, which consists of movements of small amplitude and of 
short period ; (2) the principal portion is the most active part 
which follows the preliminary tremor and consists of movements 
of large amplitude ; (3) the end portion denotes the feeble 
finishing part which follows the principal portion. 

Ripples are those quick earthquake vibrations whose periods 
are small fractions of a second, generally superposed on slow 
principal undulations. 

Intensity of motion. The intensity of ordinary, or non- 
destructive, earthquake motion is indicated as slight, weak or 
strong. A slight shock is one which is very feeble ; a weak shock 
is one whose motion is well pronounced but not so severe as to 
cause general alarm ; and finally a strong shock is one which is 
sufficiently sharp to throw down some furnitures, to cause 
people to run out of doors, etc. 

A tremor denotes a very slight earthquake, whose amplitude 
is too small to be accurately measured. 



The abbreviations used in the description of the soismo- 
grarns are as follows. — 

H.M. — Horizontal motion. 

V.M Vertical motion. 

2a — Range of motion, or double amplitude. 

T — Period(complete)of vibration. 

T — Period of vibration corresponding to max.2a. 



Abbreviations. 




r 2ara 



Maximum velocity. 



ii— -—-== Maximum acceleration. 

i, * 

2a is expressed in mm, and T 9 and Teach in second. 

Macnhteitwic motion* 
The motion of an earthquake when observed at no very 
great distance ftom the origin consists geneially of a set of 
different waves whose periods range from fractions of a second 
up to I minute or more. Now the jmarimjam - motion (ffia) ia 
ordinary earthquakes as observed ^t fiitotsubashi is cm average 
about 0.7 mm, while the lowest limiting value of the the acqelerar 
tion (A) of the sensible earthquake motion is about 17 mm ger 
sec. per sea 41 if we> for example, put 2a = 0.7mm. and -A=17w/.»„ 

we obtain 7^-^ tlwrolore 0.9s. 

Similarly, if we put 2a = 5mm, and A=I7*»»/it f we obtain 
r=2.4s. 

The above calculations show that, with the ranges of 
motion of 0.7mm and 5 mm, the vibrations would not be sensible 
unless the period be smaller than 0.9s and 2.4s respectively. 
Now, as the motion is small in slight earthquakes, while the 
period is generally greater than 5 or 6 seconds in distant earth- 
quakes^ so we may define the macro-seismic motion as a part of 
the earthquake motion whose period is, excepting cases of strong 
shocks, not longer than 2 or 3 seconds. Consequently the 
diagrams given by the ordinary Ewing or Gray-Milne seismo- 
graphs, analyzed in the following pages, are to be regarded as 
indicating only the macro-seismic portions in the different earth- 



* See the Publications, No.ll. 

t In the diagrams of distant earthquakes there nre often vibrations whose period 
is less than 1 sec, but the 2a of these movements is always very small. 
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quakes, the instruments not being able to record accurately the 
motion with period longer than 2 \ or 3 sec. 

In No. 11 of the Publications I give a discussion of the 
analysis contained in the present volume, together with other 
miscellaneous notes. 

Feb. 1902. Seismological Institute, Tokvo. 
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fyh: Xo. I Sept. 2(5, 1885: 0.80.0 p.m. 
Wfotevba&hi ; horizontal motion. 

The earthquake consisted of gentle vibrations. Max. 2a -5.0 mm, 
7; 1.8 s; r=8.7 ^1 = 30.5 mm/^, The relation between 2a 

and T of the horizontal motion is given in the following table. 

HTTOTSUBASHI ; HORIZONTAL MOTION. 



'2a (mm) 



5.0 
5.0 

A'^r 4.5 (.mean) 

4.0/ 

3.5' \" 
3.8 



3.1 



. 8.1 ( mean) 



2.1 



L 2.2 (mean) 



2.0 




T (nee.) 



2ii (mm) 



1.9 



■ 2.0 (mean) 



r 



99 




1.8 



18. (moan) 



hi 



1.6 (mean) ,. 1-7 



1.5 



• 9 
»* 



* 1.4 (mean) 



- 1.3 (mean) ■ 13 



5 1.2 



T (w.) 



1.5 \ 
0.92 

1.1 



1.4 
1.1 
1.1 / 



mean i 



1.0 

0.95 

1.4 



l'j f 1.2 (mean) 
1>> 



1.4 
0.84 



a 



V. OHOBI : 



2a (mm) 


T (sec.) 

• 


a* (mm) 


T (mo.) 


111 




0.84) 










t 


ft 








0.7 \ 


0.44 \ 


» 




o"89 




99 




0.64 




»» 




0.92 




99 




0.74 




1.0 




0.77 




99 




0.47 




0.9 


> 0.96 (mean) 


0.87 
0.80 


i 0.84 (mean) 


0.6 

99 


• 0.57 (mean) 


0.92 
0.61 


m 

C65;mean) 


99 




0.54 




99 




0.68 




99 




1.1 




0.5 


• 


0:80 




0.8 




0.69 




0.3 




0.48 




9» 




0.80 








0.77 J 




99 i 




i.o ; 











Eqke No. 2. July 2, 1886 : 0.33.6 p.m. 

This was a moderately strong earthquake, the motion being chiefly 
in the EW component. 
HUotsubashi; horizontal motion. 

Max, 2a =1.5 mm, T o =0.83 s ; F=5.7 nn/set, -k=43. The 
relation between 2a and T of the horizontal motion is given in the 
following table. 



HITOTSUBASHI : HORIZONTAL MOTION. 



2a (mm) 


T(sec) 


2a (mm) 


T (sec.) 


1.5 ) 

1.3 \ 1.4 (mean) 
1.5 1 


0.83 ] 

0.86 

0.8H 


0.85 (mean) 


0.75\ 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 )0.74 (mean) 

0.75 

0.75 

0.75 

0.75 

0.75 

0.70 

.7o; 


0.83v 

0.68 

0.75 

0.71 

0.79 

0.83 

0.75 J 0.77 

0.75 (mean) 

0.86 

0.86 

0.08 

0.83 

0.71 

0.68/ 


1.1 | 

J q [ 1.0 (mean) 
LO) 


0.79 
0.90 

0.71 

0.83 


► 0.81 (mean) 


0.9 \ 

0.9 

0.1) 

0.9 
0.9 

0.9 
0.9 

0.8 j 


0.9 (mean) 


0.83 \ 

0.80 

0.8(i 

0.83 

0.79 

0.90 

0.83 

0.75 , 


<• 0.83 (mean 
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0.6 a \ 




0.79 ) 








().()f) 




0.79 








0.60 




0.68 


1 






0.60 




0.56 




0.30 \ 


0.79 ) 




0.60 




0.83 




0.30 




0.77 




0.55 




0.75 




0.30 




0.75 




0.50 




0.75 




0.25 




0.75 




0.50 


: 0.26 (mean) 


0.86 


>0.78 (mean 


0.25 


i-0.26 (mean) 


0.79 


h0.78(mean) 


0.45 


0.90 


0.25 


0.79 




0.40 




0.83 




0.25 




0.79 




0.40 




0.83 




0.25 




0.83 




0.38 




0.83 




0.20, 




0.79; 




0.38 




0.79 








0.38 




0.75 








38 / 




0.75/ 







From the above table, it will be seen tliat there was in this case no 



marked variation of the period. The following results have l>een obtained 
from the measurement of the vibrations in the very end part of the 
earthquake. 



HITOTSUBASHI : HORIZONTAL MOTION, CO XT. 



'2a (mm). 


Number of Vibrations. 


Average period (nee.) 


Very small 


3 


0.73^ 




>» 


3 


0.75 




>> 


2 


0.70 


Y 0.73 (mean) 


>» 


8 


0.77 


1 


>> 


3 


0.69 , 





Eqhe No. 3. Dec. 26, 1886 : 5.48.5 p.m. 
Hortgo. 

Horizontal motion. The motion consisted of small vibrations which 
were at first quick and irregular, but became, after a short interval, 
smooth and regular. 

Vertical motion. The motion was maximum at the commencement, 



gradually diminishing towards the end. The p 
t as will be seen from the following table. 



period remau^ very nearly 



HONDO; VERTICAL MOTKOC. 





8» (nmj 








Verj »m»U. 


5 


0.48) 


Towards tin end. 




7 


O.891 0.42 (mean) 






4 


0.43) 



Eqlct No. 4. Jane 30, 1887 : 8.38.30 a.m. 
Hitotwbculd, 

The motion was rather greater in the EW than in t 
ponent, the period remaining constant. 



IOTOT80BASHI :, EW COHFONFNT. 



3. (mm) 


Number of vibrations. 


Avenge, period (eeo ) 


0.45 


3 


0.86 1 




0.38 


3 


0.90 




0.38 


3 


0.94 




0.38 


2 


1.0 




0.38 


3 


0.94 




0.38 


3 


0.94 


0.94 (mean I 


0.30 


3 


0.98 




0.25 


3 


0.M 




Very small 


3 


0.96 






3 


0.96 





The motion was very small in all the three components, the peritnl of 
vibration being as follows. 
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HONGO. 



Lorn ponent. 


1 aNnm ner or vibrations. 

t 


Average period (sec.) 




4 


0.59 


1 


EW. 




0.73 


\ 0.69 (mean) 




! 4 


0.74 


i 


i 5 


0.46 






4 


0.46 ' 






8 


0.44 






4 


0.46 


- 0.48 (menu 


NS. 




0.4-2 




1 •> 


0.41 






i 5 


0.41 






i 


0.40 






! 


0.44 ' 






6 


'0/20 i 




Vertical. 


5 


0.16 


0.19 (mean) 




3 


0/20 





Eqke No. 6. June 22, 1887 : 7.42.39 a.ni. 

This was a very small earthquake consisting of regular vibrations. 
Uitotsnbashi ; horizontal motion. 

The motion was rather greater in the EW than in the NS com- 
ponent. The max. 2a was 0.14 mm in each component. 



HIT OTSU B ASHI : HORIZONTAL MOTION. 



Com- 


Number of 


Average period. 


Com- 


Number of 


Average pericxl. 


ponent. 


vibrations. 


(sec.) 


ponent. 


vibrations. 


(sec.) 




7 

8 


0.78 \ 
0.71 






4 


0.72' 






6 


0.80 






4 


0.70 






6 


0.88 






3 


0.92 






6 


0.86 






10 


0.76 




EW. 


6 


| 0.75 


:0.83 


NS. 


6 


0.78 


- 0.78 




4 


! 0.88 


(mean) 


i 


6 


0.76 


(mean) 




5 
3 


0.78 
0.96 




1 
i 

1 
l 


10 
10 


0.69 
0.84 




5 


0.81 




1 


10 


0.86 






7 


0.90/ 


1 
1 







Horizontal malum. The max. 2a was less than 0.1 mm ; the motion, 
which was almost entirely in the NS component, consisting of regular 
vibrations. The diagram indicated no preliminary tremoor. 



HONGO ; 3» COMPONENT. 



2a (mm). 


Number of vibration! 


| ATm 


8. period <»e.l 


Small. 


3 


0.45 




Very biimIL 


3 


0.4u 




5 


0.46 






5 


0.44 






2 
2 


0.43 
0.41 


0.44 (mean 




5 


0.44 






5 


0.42 






5 


0.42 






2 


0.43 
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Vertical motion. The duration of the vertical motion was some r 
what shorter than that of the horizontal. The period remained perfectly 
constant, the average value, deduced from 39 vibrations, being 0.18 s. 
The max. 2a was very small. 

Eqke No. 7. July 2,1887 : 3.16.24 p.m. 
Hongo. 

Horizontal motion. The motion occurred equally in the two horizontal 
directions and consisted of small regular vibrations, whose period 
remained perfectly constant in each component. The average period 
was as follows : — 

EW 0.72 s (deduced from 30 vibrations) ; 

NS 0.44 s ( „ „ 41 „ ). 

The origin of the earthquake was situated due W from Tokyo, so that 
the EW component may be taken as representing the normal vibration. 

Vertical motion. The motion, which was maximum at the commence- 
ment and thence gradually diminished, consisted of small regular move- 
ments whose average period, deduced from 18 vibrations, was 0.17s. 

Eqke No. 8. July 12, 1887 : 3.7.42 p.m. 
This was a very small earthquake. 
Hitotsubaslti. 

Horizontal motion. The motion consisted of regular vibrations, the 
max. 2a being 0.14 mm in the EW and 0.1 mm in the NS component- 
The average period was as follows : — 

EW 0.71 s (deduced from 28 vibrations); 

#8 0.74 s ( „ „ 9 „ ). 

Hongo. 

The motion which consisted of vibrations of a constant period, was 
almost entirely in the NS component. The max. 2a was 0.14 mm, and 
the average period, dedaced from 28 vibrations in the NS component, 
was 0.46s. There was no vertical motion. 



Max. H. M. 0.4 mm (period = 0.7s). 
Max.V.M. Small. 
Character. Quick. 
Hitatoubaaki. 

Horizontal Motion. Duration — 50a. 

Max. 2a=0.21 mm, T o = 0.54 8 ; r=1.3 .4 = 14.2 """/*.• The- 
average period was as follows : — 

EW . 0.52 s (deduced from 24 vibrations) ; 

N8 0.55 s ( „ „ 16 „ ). 

Hnitip. 

Hnrimiital mottim. The motion consisted at first of very quick 
vibrations. After a short time interval these r!ppieti disappeared, and 
there followed regular and somewhat larger movements, whose period 
remained constant till the cud of the earthquake, and whose average 
period, deduced from 68 vibrations iu the A T iS component, was 0.44s. 
The motion was chiefly in the XS component. 
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Max.2a=0.2 mm, !T o = 0.45s; F=1.4*n»/ Bf A = H).5 
Vertical motion. The vertical motion consisted of a series of ex- 
tremely small regular vibrations, whose maximum occurred at the com- 
mencement. The period was constant, the average value, deduced from 
40 vibrations, being 0.16 s. It may be noted that the character of the 
vertical motion was much different from that of the horizontal, the 
maximum in the latter component occurring some seconds after tbe start 
when the movements became free of the superposed ripples. It seems 
probable, however, that the vertical vibrations and the horizontal ripples 
belong to one and the same class of waves. 

Eqke No. 11. Sept. 3, 1887 ; 4.50.30 a.m. 

A tremor observed at the Cent. Met. Observatory. 

Efjke No. IS. Sept. 5, 1887 ; 3.23.23 p.m. 

Observation at the Cent. Met. Observatory : — 

Duration. 6 m. 

Direction. 8E-NW. 

Max. H.M. 25.7 mm(period=2.3s;. 

Max. V.M. 6.5 mm(period = 0.8s) 

Character. Quick 

Remark. " The earthquake began with tremors which lasted 7s. Then 
the horizontal motion became active and indicate 1 34 large vibrations ; 
the maximum having occurred at the 32nd second. At the 46th second 
the motion became small, but after a short interval it increased again, 
l>eing more or less active for the first lm 50s. The maximum of the 
vertical motion, whose character was sharp from the commencement, 
occurred at the 18th second, or 14s earlier than the maximum horizontal 
motion. The vertical motion was more or less active till the f;6th second. 
This earthquake was the strongest in this year next to that of the 15th 
of January. 

" The total land area of disturbance was 4C60 sq. ri and extended 
over the following 16 provinces: — Snruga, Kai, Izu, Sagami, Mueashi, 
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Awa, Kazusa, Shimosa, Hitachi, Kotsuka, Sbimotsu; 
Iwaahiro, Echigo and Bikngfln. The motion was 
eastern part of Sagami, eastern part of Musaahi, Aw 
Hitachi, eastern put of Koteuke, eastern part of Shi 
southern portion of Iwaki. The area of violent motio 
ri and extended over the eastern portion of Kaznsa, 
Sbimosa and the Bouth-eaBtern portion of Hitachi . 

" The reports from some of the places in the yioienUt/ or ttrongly 
shaken area vera as follows. — . 

" Shimosa. In the Katori District, vertical motion. was felt first, soon 
followed by horizontal shakings, which caused some damage such as 
cracking of house walls, falling down of roof tiles, overturning of furni- 
tures, overflowing of liquids, etc. An old ware house was overthrown, 
while several dwelling houses were thrown oat of the vertical position. 
Borne shint brewers sustained losses, from the fracturing of the chimneys 
and the overturning of the large vessels which contained several thou- 
sand koku at xh'm. Porcelain dealers had also much of their articles 
broken. In Kaijd District, house walls were cracked, liquids overflowed 
and people generally ran out of doors. In Sosa District, some ware 
houses were damaged, the motion having been so violent that a man 
working on the roof of a house was thrown down. 

" Kazusa. In the Xagara District, .the earthquake began with 
vertical tremors, followed after a short interval by horizontal shnkings, 
which became so strong that people ran ont of houses. Some dozo (Ja- 
panese ware houses) were cracked, waters contained in tubs overflowed 
townixU oast or north and loosely piled fngots fell down towards NE. 
Porcelain dealers sustained losses from tlie overturning of their articles. 

" Hitachi. In the Kajima District the shaking was felt simul- 
taneously with sounds. The water which rilled a tub to about 4 inches 
from the month partly overflowed toward S. In some of the other dis- 
tricts pendulum clocks were stopped and furnitures were overthrown. 

" In Kaztm, Shimosn. and the eastern part of Hitachi, this earth- 
quake wnn the strongest next to that in the winter of 1884." 
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Hongo. 

The horizontal motion of this earthquake was much greater, but of 
slower period, than that of the earthquake of Jan. 15th, 1887. The 
vertical motion was small. 

Horizontal motion. The duration was as follows : — 

EW component 4 £ m ; 

NS „ 3im. 

The motion was much greater in the B W than in the NS component, 
probably because the origin was to the east of Tokyo. At first there 
wore some superposed ripples, which, however, were insignificant. 

N 
• 

! 

I 
» 

i 




I 
\ 

8 

Scale : *.7/i 

The preliminary tremor lasted 15s, when took place the following 
maximum vibration (OABCD in the accompanying figure) : — 
Max.2a = 15mm, Directum NWE, T = 3.0s ; V= 15.7 

yf = 33mm/ fl2 

During the first 40s, the motion was complicated, but thereafter it 
became gradually regular. The vibrations in the NS component were 
quicker and more regular than those in the E W component. The relation 
l>etween 2a and T of the vibrations in the NS component after 40s from 
the commencement is given in the following table. 



KONGO : N8 COMPONENT. 
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0.50 
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».46, 




0.4 
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0.60 










0.4 
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0.72 










0.36/ 




1 
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In the NS component, the period! became very nearly constant to- 
wards the end. 

In the EW component, the average period, deduced from 11 vibra- 
tions in the end portion, was 1.3s. 

Vertical motion. I>uration=8fls. The motion, which was more or 
le3s nctive during the first 40b, was at first irregular but became regular 
towards the end. There were two equal maxima which occurred respec- 
tively at the 15th and 18th seconds : 

Max. 2a = 0.48mm, r o = 0.61s; V=2.5 A=25™™l«.x 
It will be observed that the first vertical maximum occurred piinul- 
taueously with the maximum in the horizontal component. 
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The relation between 2a and T of the vertical motion is given in 
the following table. 



HOKUO : VERTICAL MOTION. 





Number 


2a (mm) 

i 

i 


of vibra- 


tinm*. 


Very small 


4 



2a (mm) 

o 21 °- 42 

^jJ(mean) 
0.25 \ 

0.25/ 0.23 
0.211 (mean) 
019) 

~0.15\ 
0.15 
0.13 



Number 
of vibra- 
tions. 



Average T (sec.) 



1 
1 
1 
1 





0.40) 

0.44/ 0.39 
0.361 (mean) 
0.30 



0.28 

(mean) 



>* 
»» 
i» 
>> 
>> 
*» 
»> 
»» 
»> 

99 



4 
3 
7 
4 
2 
6 
3 
5 
2 
3 
3 
4 



Average T (sec.) 



0.15\ 
0.13 
0.17 
0.18 
0.15 
0.18 
0.17 
0.18 
0.22 
0.15 
|0 15 
;0.14 
|0.15>/ 



> 



0.16 

(mean) 



Eqke No. 13. Sept. 4 1887 :— 

Not observed at the Cent. Met. Observatory. 
Hitotsubashi. 

Horizontal motion. This was a very small earthquake which consist- 
ed of gentle shakings, the motion being chiefly in the E W direction. 

Max. 2a = 0.3mm, T c = 0.8s ; V = 1.2™™/^ A = 9.3mm j 8? . The average 
period, deduced from 44 vibrations in the NS component, was 0.72s. 

Vertical motion. Very slight. 



Eqke No. 14, Sept. 6, 1887 :— 

Not observed at the Cent. Met. Observatory. 
Hitotsiduxshi. 

Duration = 120s. The motion, which was slightly greater in the E W 
than in the NS direction, consisted of a series of very regular gentle 
vibrations, there being no vertical component. The following maximum 
motion occurred at the 4th second : — 



14 ■ ■' R-0KOBT.* ' • - 

Mai 2a=fl.B4 mm, I* ±= 1:1s ; A**l(t.4**f*'. 

The average period, deduced from 24 vibration* in the E 
pooent, was 0.83s. The motion in the NS component was irregn 
Bongo. . ., . ,., 

The motion, which consisted of smooth regular vibrations, wi 
greater in the EW than in the NS component. 

Eqke No. 16. Sept 8, 1887 ; 8.66.0 pju ■ « ! ' . ' ' .", 
A tremor observed at the Cent. Mel. Observatory. 

EqUNo.lt/. Sept. 11,1877 ; 0.20.0 a.m. ' "' ' ' ; 

Observation at the Cent. Met. Observatory :t— \ - , 

Duration. 25s. ' ■ , 

Direction. E-W. . ' 

Max. H.M. Small. 
Character. . Gentle. 

Eqke No. 17. Sept 18, 1887 ; 8.16.62 p.m. 

Observation at the Cent. Met. Observatory .— 
Duration. 12s. 
Direction. SW-NE. 
Max. H.M. 0.2mm (period = 1.2s). 
Character. Gentle. 
Ho)igo. 

Duration=65s. The motion, which occurred equally in the two- 
horizontal components, consisted of gentle vibrations, there being no- 
vertical component. 

Max. 2a = 0.05mm, 7^=0.68; V=0,3mmj s A = %i™™j&, The mo- 
tion, wliich was at first irregular, became afterwards regular, the average 
period being as follows :— 

{EW) 1.4s (deduced from 12 vibratious) ; 
(NS) 0.50s ( „ „ 2<S ,. ). 



EqU K». 18. Sept. 15, 1887 ; 4.41.41 p.m. 
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Observation at the Cent. Met. Olmrcatory : — 

Duration. 3s. 

Direction. E- W. 

Max.RM. 0.2mm (period = 0.3s\ 

Character. Quick. 

Eijke No. UK Sept. 25, 1887 ; 8.56.11 a.m. 

Observation at the Cent. Met. Observatory : — 
Duration. 2m. 
Direction. ESE - WN W. 
Max. H. M. 1mm (period = 1.8s). 
Max. V. M. Small. 
Character. Gentle. 
Hilotsubashi 

Duration = 3m. The motion was much larger in the 2?fFthan in 
the NS component. 

Max.2a= 1.7mm, Direction S 70° JV, T Q = 0.84s; ^=6.4™"/*, .4 = 
47.6 mm / s *. The average period, deduced from 13 vibrations in the EW 
component, was 0.77s. 

The Duplex Pendulum at Hitotsubashi indicated two principal direc- 
tions of motion, namely, ENE—WSW and ESE—WNW, the 
.amplitude being greater in the former direction. 
Hongo. 

The duration was as follows : — 



The preliminary tremor lasted 1.2s, when the following maximum 
motion took place : — 

Max. 2a = 0.5mm, 7 T o =0.5s; K=3.1 mm/ Bf .4 = 39.5 «»m/ M *. 

In the end portion of the NS component, when the superposed 
ripple3 disappeared, the average period was 0.48s. The motion in the 
-corresponding portion of the EW component consisted of slow undula- 



(EJV) 

(NS). 



116s; 
, . 87s. 



max. aa= u.joram, 2' a =u.os; r=v.o """/g, .a =0.0 »»"y»*. 

KeWieoJ motion. 

Mas. 2a = 0.06mm. T o =0.5ts; F=0.4™V Bj i=4.7»»/ 8 i. 

JSpfe tfo. 21 Nov. 20, 1887 ; 0.2.81 p.m. 

Observation at the Cent. Met. Observatory :— 
Duration. 45s. 
Direction. SWS-NEtf. 
Max. H.M. 0.2mm (periods 0.5a). 
Character. Quick. 
Hitotstibcuihi. 

Horizontal motion. Duration = 3m. The motion was greater in the 
NS than in the EW component. 

The average period deduced from 16 vibrations in the KS com- 
ponent, was 0.03s. 

Vertical motion. Duration = 40s. 



^ 
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Max. 2a = 0.3mm, 7 T o =0.5s; r.-=1.9n«n/B, ^4=23.7 mm/ 8 ,. 
The average period, deduced from 22 vibrations, was 0.45s. 
Honyo. 

Horizontal motion. Duration - 57s. 

The diagram indicated no preliminary tremor, but began at onco 
with the max. 2a of 0.24mm in the NS and 0.08mm in the EJV direc- 
tion. The motion, which was much greater in the NS than in the EW 
component, consisted, in the former, during the first 8.1s of quick and 
irregular vibrations of an average period of 0.18s ; thereafter the vibra- 
tions became regular and slow, the average period, deduced from 00 
vibrations, being 0.47s. In the E //' component it was difficult to count 
the number of vibrations. 

Vertical motion. Duration = 12.5s. 

The vertical motion existed in a comparatively large amount and 
consisted of a series of regular vibrations of an average period of 0.18s. 
The max. 2a of 0.16mm occurred soon after the commencement. 

Ei[he No. 22. Nov. 23, 1887 ; 0.5.0 p.m. 

A tremor observed at the Cent Met. Observatory. 

Eqle No. 23. Nov. 30, 1887 ; 0.24.18 a.m. 

Observation at the Cent Mei. Observatory : — 

Duration. 90s. 

Direction. SES-NIVN. 

Max. H.M. 1.3mm (period = 1.2s). 

( 1 haracter. Gentle. 

Remark. The motion was at first small. The maximum vibration 
occurred at the 15th second. 
Hitotsulxtshi. 

Horizontal motion. Duratiou = 100s. The motion, which was chiefly 
in the E //'direction, consisted of gentle vibrations. 

Max. 2a ^ 0.64mm, Direction SE, T Q = 0.96s ; F= 2.1 mm/ H> 
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r. oxobi: 



The average period was 0.83s. 
Bongo. 

Horizontal motion. Duration = 90s. 
The preliminary tremor lasted 2.0s. The motion whu 
in the N8 than in the EW component, was during the fu 
posed with smalt ripples of an average period " of 0.16s ; 
vibrations became simple and regular. • 

Max. 2a= 0.6mm, Direction S, T =1.8s; V=\& » 

^=7.0 ""»>/,.. 
The average period in the NS oomponent was as foUo 

during the 1st 9.8s Aver, period = 0.45s ; 

„ „ next 18.0s „ „ =0.45s(max.2at 



In the EW component, the vibrations were irregulf 
average period of about 0.6s; towards the very end they 
and slow and had an average period of 0.77s. 
Vertical motion. Duration = 45s. 

The vertical motion, whose amount was comparatively large, con- 
sisted of ft series of regular vibrations, whose max. 2a was 0.06mm, and 
whose average period was as follows : — 

50 vibrations during the 1st 8.5s gave an aver, period of 0.21s ; 

50 „ „ „ next 8.5s „ „ „ „ „ 0.21s, 

50 „ „ „ „ 8.5s „ „ „ ,. ,. 0.21s. 

The motion was small at the commencement, but the preliminary 
tremor was not well denned. 

Eqlx No. '>4. Dec. G,lSS7 ; 0,57.1c p.m. 

Observation at the Cent. Met. Obvrmhuy . — 

Duration. 15a. 

Max. H. M. Very small. 

The Duplex Pendulum at llangn indicated very wmall movements, 
chiefly in the SES—NU'X direction. 



17.6s 

5.7s 



=0.44s( „ „ . 
=0.45b( motion i 
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Eflr Xo. Dec. 8,1887 : 8.3.0 p.m. 

Not observed at the Cent. Met. Olwrvatory : — 
Hltotmomhl. 

Duration = 60s. The motion was chiefly ill the E W direction. 
Max. 2a 0.2mm, r o =().8s; 1=0.8 mm.^ ,1 = 0,2^ 
The average period was 0.8s. 
llomjo. 

Duration = 70s. The motion, which consisted of regular gentle 
vibrations, was greater iu the XS than iu the E\V direction ; there lnung 
no vertical component. 

Max. 2a = 0.2mm, 2 T o = 0.5s; 1^=1.3 "»ni/ M , a = 15.8 mm /» .» 

The average period, deduced from 88 vibrations iu the XS compo- 
nent, was 0.46s. 

K/te Xo. 2(J. Dec. 11,1887 ; 9.55. 47 p.m. 

Observed us a tremor at the Cent. Met. Observatory. 

The Duplex Pendulum at ffitotsulxix/ti recorded motion chiefly in the 
SE — X W direction. 

3jlr Xo. 27. Dec. 14, 1887 ; 10.55.9 p.m. 

Observation at the Cent. Met. Observatory : — 
Duration. 150s. 
Direction. SES—X WX. 
Max. H.M. 0.3 mm (period — 2s). 
Character. Gentle. 

The DiqAex Pendulum at Hit<ttxn!mshi recorded motion chiefly in the 
EXE— WS\V Aiveetion. 

Eqh> Xo. 28. Dec. 16, 1887 ; 8.28.21 a.m. 

Observation at the Cent. Met. Ofwrrvatory : — 

Duration. 120s. 

Direction. ESE— U'X lf\ 

Max. H.M. 2.5mm( period — 1.5s ). 

Max. V.M. 0.3 mm(period= 0.4s). 



grams {A autf B in the accompanying figure), which show that the very 
first active motion was towards E, followed by two nearly equal dis- 
pJacemontaf = 2.4mm)directod respectively toward A' IK and SE. Tho 
rest of the shaking was s:nftll. 



E 
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The DujJex Pendulum at HitotsnlKishi gave a diagram (C in the 
accompanying figure) very similar to those at Homjo ; the maximum 
motion( = 2.8mm) was directed toward S W. 

Eqke Xo. 29. Dec. 17, 1887 ; 0.17.8 a.m. 

Observation at the Cent. Met. Observatory : — 
Duration. 10s. 
Max. H.M. Small. 
Cliaracter. Quick. 

Hitotsuhaslii. 

The Duple c piirffdunt gave a very simple diagram, the motion being 
in two mutually rectangular directions, namely, E — W and X — S. 
Max. 2a= 0.3mm. 
Homjo. 

Duration — 40s. The motion consisted of small gentle horizontal 
shakings, the vertical motion being very slight. 

Max. 2a = 0.2mm, 2 T o =0.7s; F=0.9 ^4 = 8.1 mm/*.' 

Eqke Xo. :;(). Dec. 17,1887 ; 6.18.22 a.m. 

A tremor observed at the Cent. Met. Observatory. 

Eqke Xo. :U. Dec. 17, 1887 ; 11.41.14 p.m. 

Observation at the Cent. Met. Ohser valor y : — 
Duration. 10s. 
Direction. E — IF. 
Max. H. M. 0.25s (period = 0.6s) 
Character. Gentle. 
HitotsnlKishi. 
Duration — 85s. 

Max. 2a = 0.2mm, 2 ? o = 0.8s; V=0.8 A = (>.2 mm/ K , 
The average period was 0.71s. 

The Duplex }>en<lnlum Hitotsulxwhi at indicated movements chiefly 
in the ESE—1FX1F direction. 



22 F. omoki : 

Hon I ft f. 

Horizontal motion. Duratiou = 45s. 

Max. 2a = 0.2mm, 5T o = 0.4s; J=1.0 mm/ 8 ,^4 = 24.6 mm/ s * 
The average period was 0.59s. 

Vertical motion. Duratiou = 10s. The motiou was verv small, the 

%. 7 

average period being 0.03s. 

Eqke Xo. 32. Dec. 19, 1887 ; 6.0.12 p.m. 

A tremor observed at the CerU. Met. Olwervatory. 

Eqke Xo. 33. Dec. 21, 1887 ; 2.5.55 p.m. 

Observation at the Cent. Met. Observatory : — 

Duration. 15s. 

Max. H. M. Very small. 

Eqke Xo. 34. Dec. 24, 1887 ; 4.9.41 a.m. 

A tremor observed at the Cent. Met. Ohservatory. 

Eflr Xf>. 3o. Dec. 24, 1887 ; 7.51.38 a.m. 

Observation at the Cent. Met. OJwrvatory : — 
Duration. 60s. 
Direction. SW—NE. 
Max. H.M. 0.2mm(period = 2s ). 
Character. Gentle. 
HitotHuttritihi. 
Duration — 120s. 

Max. 2a=0.2mm, 2 T o =0.8s; 1=0.8 mm/* ,^1 = 6.2 mm/^, 
The average period was 0.78 

Eqke Xo. 3fJ. Dec. 27, 1887 ; 

A very small earthquake, not observed at the Cent. Met. Obftervatory^ 
Hitotmlxidti. 
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Horizontal motion. Duration = 83s. The motion was slightly larger 
in the jFJFthan in the NS component. 

Max. 2a = 0.1mm, T o =0.7s ; V=Q.5™™I*, A^^mmfa 
There was no vertical motion. 

According to the Dnjdex Pewlidum diagram at Hitotsubashi, there 
were two principal directions of motion, namely, E- IF and N-S, the mo- 
tion in the former direction l>eing greater than that in the latter. This 
may indicate that the earthquake origin was towards E or W of Tokyo 
nud gave rise to the normal and transverse sets of waves. 

Eokc No. :J7. Dec. 31, 1887 ; 1.24.45 a.m. 

A small shock observed only at the Cent. Met. Ottxervatory. 

Eqke No. M. Jan. 1,1888 ; 3.31.38 p.m. 
Hitotmlxrshi. 

Duration = 100s. The motion, which consisted of perfectly regular 
vibrations, was much greater in the NS than in the EW component, 
there being no vertical motion. The earthquake began very gently, soon 
reached the maximum, and then gradually decreased. 

Max. 2a = 0.28 mm in the E IV and 0.2 mm in the NS component ; 
T= 0.9s ; V= 1.0 mm/ Bf A = 6.8 mm fa 

The average period of vibration (NS component) was as follows : — 

25 vibrations during the first 22.5s gave an aver, period of 0.90s ; 

24 „ „ „ next 20.4s „ „ „ „ „ 0.85s ; 

46 „ „ „ 38.2s in the very end part of the earthquake 

gave an aver, period of 0.83s. 

Thus the period remained very neary constant, becoming, however, 
slighty shorter towards the end. 

Ejke No. :VJ. Jan. 11, 1888 ; 8.50.36 a.m. 

This was an earthquake of moderate intensity. 
Observation at the Cent. Met. Observatory. 
Duration -- 60s. 
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onosi 



Direction. E8E-WNW. 

Ku.HU 0.4mm (periud=1.8s). 

Mat V.M. — 

Character. Gratis. 
Htiota«lm*i. ' 

Duration = 120b. The motion was moot 
lie EW direction, Vm re being no vertical < 
naximum motion <.ccurred at about 2a after t 

Mai. 2a = 0.6mm, S" o =0.78«; P=2.4»«, 

Each horizontal component motion con 
egular simple harmonie vibrations. In the JVtf component, toe 
mplitude was great at the commencement, then became small, and then 
gain increased, etc., thus presenting a series of maximum and minimnm 
roups. The maximum displacements occurred at 3s, 7s, 26s and 49b 
espectivefy after the commencement The relation between the 2a and 
r of vibration in the NS component is given in the following table. 



FflTOTSCBASHI : -V* COMPONENT. 




0.40 
0.38 
0.38 
0.38 
38 
(1.38 
0.38 
0.3S 
0.38 
0.38 
0.35 
0.35 

0.85; 



■0.38 (mean) 



o.sr 

0.87 
0.87 
0.84 
0.8(1 
0.80 
0.93 
0.88 
0.78 
0.82 
0.95 
0.9(1 
0.99 



■0.88 (mean) 



0.74\ 
0.78 
0.76 
0.79 
0.69 
0.87 
0.74 ( 
0.71 
0.74 
81 
0.87 
0.82 
0.82/ 



0.78 (mean) 



0.2 
0.2 




0.2 I 

o.2 r 

0.2 
0.15! 



-0.77 (mean) 
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The measurement in the above table was taken from the earlier por- 
tion of the earthquake. Towards the very end, the mean period was 0.78s. 

The above table indicates a slight variation of the period with 
amplitude. The period, however, remained on the whole constant. 
Thus, arranging the 37 vibrations given in the table in order of time, the 
first 19 give an average period of 0.82s, while the remaining 18 give an 
average period of 0.84s. 
Hoiujo. 

Horizontal motion. Duration = 65s. As at Hitotsubashi, the motion 
was much greater in the NS than in the EW component. 

Max. 2a=0.32mm, T o = 0. 48s ; V=2.1 mm/ H| A = 28 mm/ 8 ? 

In the NS component, which was greatest at the commencement 
and indicated a series of alternations of maximum and minimum groups, 
the motion consisted of regular simple vibrations, whose average period, 
deduced from 51 vibrations, was 0.43s. In the EW component, the 
motion, which was at first irregular, became afterwards regular and had 
an average period of 0.77s. 

The ripples which existed in the earlier part of the EW component, 
had an average period of 0.17s. 

Vertical motion. Duration = 22s. 

The motion, which was most active at the commencement and thence 
gradually decreased, consisted of very small regular vibrations, whose 
average period, deduced from 27 vibrations, was 0.17s. 

Max. 2a = 0.06mm, 5T o =0.19s; F=lmm/ 8 A = 33 mm/ s . 2 
It will be observed that, in this case, the period of vibration of the 
vertical motion was equal to that of the ripples in the E W component. 

E/ke No. 40. Jan. 13, 1888 ; 

Hitotsubashi. 

This was a very small earthquake, chiefly in the E W component. 
The average period, deduced from 45 vibrations in the EW compo- 
nent, was 0.64s. 

E/ke No. 41. Jan. 14, 1888 ; 5.31.55 p.m. 



26 f. okobi: 



Observation at the Cent. Met. Observatory :- 
Duration. 16b. 
Direction. E-W. . 

Max. H.M. SmnlL » 
Max. V.M. Very email. 
Character. Quick. 



EqkeNo.42. Jan. 27, 1888 ; 10.5.33 a.m. 

Observation at the Cent. Ma. Observatory .- - 
Duration. 10s. 
Direction. N-S. 
Mkx. H.M. Small. 




Dnration=60s. The motion was almost, exclusively in the. BW 
direction, there being no vertiaal oomposeok The diagram consists of 

regular simple harmonic curves. 

Max. 2a = 0.38mm, T e =(L 91s ; F=1.8 »«»/■. .4=9.1 

The average period, deduced from 11 vibrations in the EW com- 
ponent, was 0.89s. 

The Duplex Pendulum at Hitotsubaahi recorded movements almost 
entirely in the EW direction. 

Eqlce No. 43. Feb. 2, 1888 ; 1.15.15 p.m. 

This was the first and strongest of the four earthquakes wliich 
occurred on the afternoon of the 2nd of February. 

Observation at the Cent. Met. Observatory :— 

Duration. 228s. 

Direction. ESE—WNW. 

Max. H.M. 13mm{period = 3.7s ?) 

Max. V.M. 0.5mm. 

Character. Quick. 

Remark. The earthquake beg.m with tremorj iu the EW diree- 
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tion, the tremors in the NS component occurring lis later on. At 23rd 
second, large movements began to appear in the EJV component, accom- 
panied by active vertical movements, while in the NS component the 
motion became large first at the 33rd second. The maximum vibration 
occurred at the 42nd second, the motion remaining still active for the 
next 63s. 

Area of disturbance. The earthquake, whose total land area of distur- 
bance covered 3420 sq. W, was felt in the following 16 provinces : Hitachi, 
Shimosa, Kazusa, Awa, Musashi, Sngami, Kai (eastern part), Suruga 
(north-eastern portion), Shinano (eastern portion), Kozuke, Shimotsuke, 
Echigofeastern portion), Iwashiro, Iwaki, |Uzen (south-eastern portion) 
and Rikuzen (southern part). 

The area of strong motion was 450 sq. ri and included the provinces 
of Hitachi (southern part), Shimosa, Kazusa (northern portion) and Mu- 
sashi (eastern portion). The motion was felt very strongly in the 
Kajima District of Hitachi, where the direction was SE-NW or S-N 9 
and where liquids were thrown out. In Kaijo District of Shimosa the 
earthquake was less severe than that of Sept. 5, 1887. In Tokyo, some 
pendulum clocks were stopped. The 2nd earthquake, observed in To- 
kyo at 2.23.46 p.m., was less strong and was felt in the eight provinces 
of Hitachi, Kazusa, Shimosa, Musashi, Kozuke, Shimotsuke, Iwaki and 
Iwashiro. The 3rd earthquake, observed in Tokyo at 3.0.14 p.m., was 
in some places felt weakly; the area of disturbance including the five 
provinces of Hitachi, Kazusa, Shimosa, Musashi and Shimotsuke. The 
4th earthquake, observed in Tokyo at 3.41.27 p.m., was felt strongly in 
the southern part of Hitachi and the eastern part of Shimosa ; the area 
of disturbance including the following 12 provinces : Hitachi, Knzusa, 
Awa, Musashi, Shimosa, Sagami, Shimotsuke, Kozuke, Iwaki, Iwashiro, 
Uzen and Rikuzen. 
Hongo. 

Horizontal motion. 

Durational 30s (E1V component) ; 

-110s (NS „ ). 



If the displacements (1) to (4) in tie EW component be regarded 
as corresponding respectively to the displacements (l')....{4') in the 
N8, ire may conclude that the waves of the former component reached 
in the mean about 6s earlier than those of the latter. Now, as the 
origin of the earthquake was situated due east of Tokyo, the EW com- 
ponent would correspond to the normal wave and the NS component to 
the transverse wave. 

The absolutely maximum motion, which occurred about 17s after 
the commencement was the following : — 

Max.2a=2.0mm, Direction JF20° N, T =1.3s; K=4.8»m/ S 
.4 = 23™m/ 8 i. 
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Then there followed a counter displacement of nearly equal amplitude 
towards the opposite direction. (See the annexed diagram.) 



N 




S 



The periods of vibration in the two components are given next. — 
In the EW component the average period of the ripples, which 
existed in the earlier part, was O.ltis ; in the NS component the corres- 
ponding period was 0.13s. In the former component, the ripples lasted 
about 20s. The average period of vibrations in the end portion was 
0.86s in the EW and 0.47s in the NS component. 
Vei-tical motion. Duration = 34s. 

The motion was nearly uniform, there being no preliminary tremor. 
The max. 2a was the following : — 

Max. 2a ^ 0.18mm, !T o =:0.43s; F=1.3mm/ B , A = 19*™/b.* 

This occurred lis after the commencement, there being a second 
maximum 5s later on. These movements did not occur simultaneous- 
ly with the maxima in the EW direction the period being also 
widely different in these two components, which seemed to be totally 
independent of each other. This fact shows that the vertical motion was 
not, in this case, the vertical component of the normal wave. 

The average period deduced from 30 vibrations was 0.29s. 

The Duplex Pendulum at Hongo indicated motion chiefly in the 
directions ESE-WNW and NEN-SWS, the former component being 
the predominating one. 
HitotsubashL 



uurauou. 40B. 

Direction. WSW-ENE. 

Max. H. M. 3.8mm (period=2.4s). 

Max.V.M. 

Character. Gentle. 

Remark. The earthquake, which began with small movements, 
became active the at 42nds there being 12 principal vibrations during 
the next 14s. The motion decreased gradually from the 74th second. 
Tlongo. 

The motion was moderately large and sharp, the character lwing on 
the whole similar to tliat of eqke No. 43. 

Horizontal motion. The amplitude was nearly equal in the two com- 
ponents. 

Duration = 115s (HIV component) ; 
= 85s (NS „ ). 
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The earlier part of the E W component consisted entirely of ripples, 
while the corresponding portion of the NS component consisted of slow 
large vibrations superposed with ripples ; so that the ground moved 
during the first 15 seconds sensibly in the NS direction and thereafter 
more in the EW direction. The average period of the ripples was 0.19s 
in the E W and 0.16s in the NS component. 

Max. 2a = 0.5mm, 5P o =0.57; F=2.8mm/ B ^=31mm/ R , 

After the disappearance of the superposed ripples the vibrations in 
«ach component became regular, the average period being 0.81s in the 
EW and 0.48s in the NS component. 

Vertical motion. Duration = 26s. 

The motion consisted of very small vibrations, whose average period 
was 0.23s. 

Max. 2a = 0.06mm, 5T o =0.4s; 7=0.5™™/*, A=8™™/ B i 
Duplex Pendulum. The motion was chiefly in the EW and NS 
directions. 

Eqke No. 47. Feb. 3, 1888 ; 2.31.56 p.m. 

This was a very small tremor, recorded by the Duplex Pendulum at 
Hongo. 

Eiike No. 48. Feb. 5, 1888 ; 0.50.56 a.m. 

This was a very extensive earthquake, whose origin was near the 
Tsugaru strait ; Tokyo being on the edge of the shaken area. 

Observation at the Cent. Met. Observatory : — 

Duration. 60s. 

Direction. SW-NE. 

Max. H. M. 1.6mm (period = 2.1s). 

Character. Gentle. 

Area of disturbance. The land area of disturbance was 9000 sq. ri 
and extended from Hokkaido on the north down to Kazusa and Musashi 
on the south, including the following 23 provinces : — Oshima, Sliiribeshi, • 



Hongo. 

The amplitude of motion was nearly equal in the two horizontal 
components. The period of vibration was as follows : — 

EW component Aver, period = 0.84s (deduced from 19 

vibrations) ; 

NS component Aver, periods 0.47s (deduced from 23 

vibrations). 

hkjke No. 41/. Feb. 10, 1888 ; 3.2C.55 p.m. 

Observation at the Cent. Mi'i. Olwvatort/ : — 
Duration. 10s. 
Direction . XE- S W. 
Max. H. M. Small 
Max. V. M. — 
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Character. Quick. < 

Hitotsubasld. 

Duration = 25s. The motion consisted of very small slow undnla- 
tions which were nearly equal in the two horizontal components. No 
vertical motion. 

Max. 2a = 0.25mm, 2 T o =0.6s; r=1.3™m/ R , A = 13mm/ 8 , 

The period of vibration was as follows : — 

/?fr component Aver, period =0.7Ss (deduced from 

3 vibrations) ; 

NS component Aver, period = 0.7s (deduced from 

16 vibrations). 

The Duplex Pendulum gave a very simple diagram, the motion 
being chiefly in the NS direction and io a slight amount in the EW 
direction. 

Eqke No. 00. Feb. 10, 1888 ; 36.S.7 p.m. 

Observation at the Cc.nl. Met. Observatory. 
Duration. 12s 
Direction. E- W. 
Max. H.M. Very small. 
Hitostubashi. 

Duration =303. The motion was chiefly in the NS direction, there 
being no vertical component. 

Max. 2a =0.25 mm, 7^=0.628; F=1.3mm/ 8 , ^ = 12.9mm/ 8 ? 

The movements were very small and constant in period, the ave- 
rage value, deduced from 21 vibrations in the NS component, was 0.70s. 

The Duplex Pendulum at Hitotsubashi gave a very simple diagram, 
which consisted of only a few movements in the NS direction. 
Honyo. 

Duration = 35s. The motion was very small, there being no vortical 
component. 

Max. 2a=0.15 mm, 5r o =0.5s ; T=0.94 mm/ 8 A = 1Z mm/ R , 



The Duplex Pendulum at Hongo indict! 
the EfT direction. 



£jfc Wa. 61. Feb.lU888;3.3S.5Cp.m. 
Recorded «l the Cad. M<i. ObtrnxUorim 
Hongo. 

Duration =40.. The motion, which was v. 
in the two horixont.1 oomrxmeuta. 

Max. 2n=0.1 ■>, r„=OJ»; F=0.6—/^ 

f^fe JVo o2. Feb. 1848 * ; 11 .33.44 a.m. 
Observation at the Oaf. Jfef. Otmervatorg 
Duration. 35a, 
Direction. *-S. 
Max. H.M. SmalL 
Character. Gentle. 
HUotmbaM. 

Durations 40s. The motion consisted of very- email vibrations, 

whose average period, deduced from 12 vibrations i:i the NS component, 
was 0.52s. 

Max. 2a = 0.1 mm, 2;=0.4os; F=0.7 "■»/«, ^4 = 10™,/,.. 
The Duplex Pendulum at Hitatanbashi indicated movements chiefly 
in the NS direction. 

Hongo. 

The diagram indicated very small movements. 

Eqte No. M. Feb. 15,1888 ; 3.43.38 p.m. 

Observation at the Cent. J/rf. Obwirmtm ij : — 
Duration. 30s. 
Direction. E- IK 
Max. H.M. Very small. 
Character. Gentle. 
//iforWxWa and Hontp. Motion was very snuili. 
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Eqke No. 54. Feb. 17,1888 ; 0.1G.17 p.m. 

Observation at the Cent. Met. Observatory : — 

Duration. 50s. 

Direction. E W. 

Max. H.M. Very small. 

Character. Gentle. 

This earthquake was not felt at Hongo. 

Eqke No. 55. Feb. 18,1888 ; G.13.45 p.m. 

Observation at the Cent. Met. Observatory : — 
Direction. E W. 
Max. H.M. Very small. 
Character. Gentle. 

Eqke No. 5tj. Feb. 22,1888 ; 10.24.43 a.m. 

Observation at the Cent Met Observatori/ : — 
Duration. 90s. 
Direction. N-S. 
Max. H.M. 0.7mm( period - 3.2s) 
Character. Gentle. 
Hitotsubashi. 

Duration = 120s. This was a moderate earthquake, the motion be- 
ing at first somewhat greater in the NS than in the EW component. 
Max. 2a = 0.45 mm, 7; = 0.78s; F=1.8 mm/ H A ---14 mm/ 8 * 
The average period in the A'aS' component was 0.07s. 
Hongo. 

Duration 100s. The motion was chiefly in the NS direction, time 
being no vertical motion. 

Max. 2a = 0.24 mm, 7 T Q = 0.79s ; 1=0.95 mm/ M , A = 7.5"™/** 
The average period in the A 7 /? component was 0.74s. 

Eqkr No. 57. Feb. 22,1888 ; 11.10.50 p.m. 

Observation at the Cent. Met. Olwrvntory : — 



30 P. QMOKI: 

Duration. 10s. 

Direction. N-S. 

Max. H.M Very small. 

Character. Gentle. 

Eqke No. 68. Feb. 24,1888 ; 2.7.(5 a.m. 

Observation at the Cent. Met. Obaervat/n-y : — 

Duration. 

Direction. E- W. 
Max. H.M. Very small. 
Character. Gentle. 
Hitot&ubashi. 

Duration - 120s. The motion, which consisted of regular vibrations 
of constant period, was almost entirely in the EW direction, there being 
no vertical component. 

Max. 2a = 0.4 mm, T Q = 0.84s ; K - 1.5 ^/ 8) .4 = 11. 

The aveaige period, deduced from 37 vibrations in the EW com- 
ponent, was 0.85s. 
Hongo. 

Duration = 25s. This was a very small earthquake, the motion 
being almost entirely in the NS component. There was no vertical 
motion. 

Max. 2a =0.12 mm, r o =0.52s; V= 0.73 A =9mm/ 8 * 
The average period, deduced from 30 vibrations in the NS com- 
ponent, was 0.468. 

Eqke No. 69. March 1,1888 ; 3.30.15 p.m. 

Observation at the Cent. Met. Observatory : — 
Duration. 88s. 
Direction. WSW—ENE. 
Max. H.M. Small. 
Character. Gentle. 
Hitotsubashi . 
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Duration = 100s. The motion, which was very small, was chiefly in 
the EW component, there being no vertical component. 

Max.2a=0.4mm, r o =0.7s; V=l.8™™/ K , A-=16™™/»i 
The average period, deduced from 25 vibrations in the EW com- 
ponent, was 0.71s. 

Eqke No. 60. March 1,1888 ; 9.54.12 p.m. 

Observation at the Cent. Met. Observatory : — 
Duration. 30s. 
Dliection. N-S. 
Max. H.M. Small. 

Max. V. M. 

Character. Quick. 
Hongo. 

Horizontal motion. Duration - 16s. 

The motion consisted of a series of extremely small quick vibrations, 
and was almost entirely in the EW component, the average period being 
0.2Hs. 

Max. 2a = 0.1mm. 

Vertical motion. The duration was very short, 
The motion was very small, the average period being 0.17s. 

Eqke No. 61. March 9,1888 ; 4.54.16 a.m. 

Observation at the Cent. Met. Observatory ; — 

Duration. 25s. 

Direction. N WN—SES. 

Max. H.M. 0.4 mm (period = 0.2s). 

Max. V.M. 

Character. Quick. 

Remark. For the first 3s, the vibrations were quick. Then follow- 
ed suddenly the most active part of the motion, which lasted 2s. 
Thereafter the vibrations became again abruptly small. 

Hitotsubmhi. 



Max. 2a=0.07 mm, r o =0.26s; F=0.9 •»"«/„, ^=2.1 mm/ sI 
TIio average period of vibration was at first 0.12s and towards the 
end 0.16s. 

In tliis cnse, there was apparently parallelism between the horizon- 
tal and vertical components, both being maximum at the commence ment 
and also of nearly the same period. 

Kqke No. 0-2. March 16,1888 ; 6.43.0 a.m. 
HiMftnbashi 

Hurizniitnl nwft'Di. Duration — 100a. The motion, which was almost 
entirely in the FAY component, Iwgnn very gently and remnined nearly 
constant in amplitude through a coiisidcinblo interval of time. 
Max. 2a 0.4 mm, '/•„= 0.74s; l '=1.7mni/„, -15 '»„■/. , 
The period lemninod o.i:sta:.t, the avenge value, deduced from 3H 
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vibrations in the EW component, being 0.85s. 

Vertical motion. There were only very slight traces of vertical 
motion. 
Hongo. 

Horizontal motion. Duration = 70s. The motion, which was very 
small, occurred equally in the two horizontal components. 
Vertical motixyn. The motion wjis very slight. 

Eqke No. OH. March 17,1888 ; 7.55.36 p.m. 

A tremor, observed only at the Cent. Met. Observatory. 

Eqke No. 04. April 1,1888 ; 6.17.8 a.m. 

Observation at the Cent. Met. Observatory : — 

Duration. 

Max. H.M. V ry small. 
Character. Gentle. 

Eqke No. (Jo. April 5,1888 ; 2.30.29 p.m. 

Observation at the Cent. Met. Observatory : — 

Duration. 120s. 

Direction. SE-NW. 

Max. H.M. 1.2 mm (period — 0.7s). 

Max. V.M. 0.5 mm (period = 0.3s). 

Character. Quick. 

Remark. The earthquake began with horizontal and vertical tre- 
mors which lasted for 10s. Then the motion became suddenly great, 
remaining active for the next 30s. This earthquake, notwithstanding 
the smallness of amplitude, was felt violently, probably because it was 
accompanied by quick period vertical vibrations throughout the whole 
duration. 

Area of disturb uwi. The total land area of disturbance was 4060 sq. 
ri and extended over the following 16 provinces: — Hitachi, Shimosa, 



was already well pronounced at the commencement, so that the ground 
moved at first chiefly in the EW direction. 

The motion consisted of a great number of vibrations whose ampli- 
tude remained nearly equal for a considerable interval of time, and whose 
period remained constant till the very end. The following maximum 
vibration, nearly in the EW direction, took place 18 seconds after the 
commencement : — ■ 

Max. 2a=2.0mm, r o = 0.77s; F=8.2 """>»/«, .4=67 »m/ p ., 
The relation between the 2a and T of the horizon! al vibrations is 
given in the nest table :— 
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2a (mm) 



'2.0 
2.0 
1.0 
1.8 
1.8 
1.8 



1.9(mean) 



1.45(mean) 



1.2(mean) 



1.1 

1.0. r ,Ll.07(mean) 
1.03 
1.05) 



T (sec.) 



0.77^ 
0.77 



g'go " 0.80(mean) 



0.84 
0.71 



0.77fmean) 



0.73(mean) 



0.69 

0.77 
0.92 
0.72 
0.84 



0.73(mean) 



1.0 
1.0 

1.0 

1.0 

1.0 

0.95 
0.95 
0.93/ 



2a (mm) 



\ 



0.98 
(mean) 



T (sec.) 



0.80 
0.63 
0.84 
0.69 
0.80 
0.69 
0.73 
0.84/ 



0.75 
(mean) 



0.9 
0.9 
0.9 
0.9 
0.85 
0.83 
0.75 
0.75 
0.75 
0.5 
0.5 



\ 



}■ 0.78 
(mean) 



0.71 

0.84\ 

0.71 

0.84 

0.65 

0.70 

0.65 

0.84 

0.80 

0.63 

0.65 



0.73 
(mean) 



The measurement given in the above table has been taken from the 
first 50 s of the diagram. Towards the very end, the average period, 
deduced from 10 vibrations, was 0.70s. 

The relation between the 2a and T given above relates to the resul- 
tant vibrations, that is to say, the 2a was obtained iu each case by com- 
pounding the corresponding displacements in the two directions. Tf we 
take the two components separately, the result is as follows :-- 

In the EW component, the average period, deduced from 150 vibra- 
tions during the first two minutes was 0.75 s, while that deduced from 
14 vibrations at the very end was 0.77s. In the NS component, the 
corresponding average periods, deduced respectively f mm 83 and 8 vibra- 
tions, were 0.77s and 0.80s. These values are nearly the same as those 
given in the above table, which give a mean period of 0.76s. 



Thus in this earthquake the period of the vertical vibrations, which 
remained on the whole constant, was much slower than is usually the 
case. 

Hongo. 

Horizontal motion. Duration = 110s, 

The motion began with preliminary tremor of a very short duration. 
There w.-is no single prominent maximum, but the earthquake consisted 
at first essentially of quick sharp vibrations or ripples of an average 
period of 0.2s superposed on slow undulations ; the ripples subsequently 
disappearing. The motion was somewhat larger in the NS than in the 
EW component. 

Max. '2a = 1.4 mm, 0.71s, Direction nearly NEN, V= 6.2 
A = 55 mro/ s : 
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The two largest ripples were as follows : — 

(1) 2a =0.54 mm, T=0.2s; r=8.5mm/ 8f A=270^/ B , 

l2) 2a=0.74mm, !T=0.34s; V= ( X7 „ , ^ = 250 „ 
The ripples lasted for 25s. 

The average period of the undulations, which became regular after 
the disappearance of the ripples, was as follows : — 

EW component 0.57s (deduced from 50 vibrations); 

NS „ 0.78s ( „ „ 49 „ ). 

I may here note that the earthquake of March 9th 1888 was 
moderately severe, but the minute ripples, which constituted its com- 
mencement and principal portion, were far smaller than those occurring 
in the earlier portion of the present earthquake. It may, therefore, 
be supposed that the severity of shocks at Hongo is largely duo to ripples. 

Vertical motion. Duration = 25s. 

The vertical motion, which was active from the commencement, 
consisted of nearly equal minute vibrations whose period was approx- 
imately constant and had an average value of about 0.2s. There was no 
single prominent wave. 

Max. 2a = 0.14mm, 7^ = 0.248 ; F= 1.8^m/ s> A=48™™/h? 

The origin of the earthquake was nearly due north of Tokyo. From 
the analysis of the diagrams at Hongo and Hitotsvbashi given above it 
seems that the vibrations were not distinctly divided into the normal. 
and the transverse waves. 

Ejke No. 66. April 8, 1888 ; 2.22.32 p.m. 

A tremor observed only at the Cent Met. Observatory. 

Eqke No. 67. April 7, 1888 ; 

Hitotsvbashi. 

Duration = 40s. The motion which consisted of perfectly regular 
vibrations was chiefly in the EW direction, there being no vertical com- 
ponent. 

Max. 2a = 0.38mm, 3T o =0.83s; r=1.4mm/ H ^ = 10mm/ H> , 



17th second, the total duration being lm 14s. The horizontal motion 
remained more or less active for the first 3 minutes. 

Area of disturbance. The total land area of disturbance, which was 
unusually large, was 5080 sq. rt and extended from the Pacific to the 
coast of Echigo, including the following 20 provinces :— Musashi, Sa- 
gami, Izu, Suruga, Totorai, Kai, Kotsuke, Shimotsuke, Hitachi, Eazusa, 
Awa, Shimosa, Iwaki, Iwashiro, Shinano, Rikuzen(southern portion), 
Uzen (southern portion), Echigo (central part), Mikawa (eastern part). 
The area of strung motion was 1930 sq. ri and included the 12 provinces 
of Musnshi, Sagami, Izu, Suruga(eastem part), Kai(eastern part), Shina- 
no (eastern portion), Kozuke (sonth-eastern part, Sliimotsuke (southern 
part), Hitachi (southern part), Shimosa (western part), Kazusa (western 
portion), Awa (western part'. Within this area some slight damage was 
produced, such as cmck3 and subsidence of ombankmentsfNasu District. 
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Shimotsuke); cracks of walls(Utsunomiya and Shimo-tsuga District, Shi- 
motsuke) ; overturning of furnitures(Tokyo and Kita-Saitama District, 
Musashi); overflowing of liquids (Kuraki District, Musashi ; Minami- 
Saku District, Shinano ; Izu ; Haga District, Shimotsuke); stopping of 
pendulum clocks (Izu ; Minami-Saku District, Shinano.) 
Horizontal motion. Duration = 4m. 

The earthquake began with preliminary tremor, which lasted for 
about 15s during wliich the motion in tho EW direction was much 




S 



greater than tliat in the NS direction just as was the case with the earth- 
quake of April 5,1881. The earlier portion of the shaking was super- 
posed with traces of ripples which were insignificant. At the termination 
of the preliminary tremor the following maximum motion suddenly took 
place : — 

Max. 2a = 6.2mm, Direction from E to IV, T c =lAa ; F=14mm/ 8> 
A- 63mm/ B 2. 

The motion of the earth's particle [it the commencement of the 
principal portion represented in the annexed diagram, where AB is the 
maximum motion) was nearly similar at Hongo and Hitotvibashi. The 
character of motion was, however, altogether different at these two 
places. Thus, at Hongo the principal motion consisted of a single 
initial maximum vibration, followd by ripples; while at Hitotsubashi it con- 
sisted of a series of large vibrations of period much slower than at Hongo. 



from 24 vibrations was 0.86s. 

Taking each of the horizontal components separately, the numbers 
of vibrations and the average period daring the successive 16.5s were as 
follows : — 



EW component. 


N8 component. 


Number of vibra- 
tion* during 1G.5.. 


Average period (sec). 


Number of vibra- 
tions during 1G.5*. 


Average period|see ). 


18 
17 
18 
17 
17 
17 
Iff 
17 
18 
IS 


0.92 
0.97 
0.92 

0.97 
0.'J7 
0.97 
(1.92 
0.97 

0.92 


0.95(meaii) 


18 
19 
17 


0.92) 

0.871 0.93(meiin) 
0.97 1 
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The average period of vibration was thus constant. 
Vertical motion. Duration — 3ra. 

The vertical motion existed in a considerable amount but was rather 
-slow in period, the character being very different from that at Hongo. 
Like the horizontal motion, it began with preliminary tremor which 
lasted for about 15s, followed by large displacements exactly simulta- 
neous with the horizontal components. The maximum vertical motion 
occurred slightly later than the maximum horizontal motion : — 

Max. 2a =0.75 mm, jT o =1.0s; F=2.4 mm/ 8 ^ = 15. mm/ s 2 

The vertical vibrations were very slow, their period being at first 
identical with that of the horizontal. The period lengthened towards the 
end, the amplitude remaining, however, sensibly constant. Thus the 
average period was, during the first 30 seconds, 9.4s, while at the end it 
was 1.7s. 
Hongo. 

Horizo7ital motion. 

Duration = 130s EW component. 

= 180 NS 

The earthquake began as usual with preliminary tremor which lasted 
for about 4s, when there occurred suddenly the following maximum 
vibration : — 

Max. 2a =4.0 mm, Direction from E to W, 5T o = 1.0s; V=13 mm/ 8 
A = 80 mm / 8 .* 




The initial movement in the principal portion is illustrated in the 



component remained constant till the very end. The average period 
deduced liora 30 vibrations in the end poiJon of the EJV component 
was 0.73s. The maximum of the vibrations in the end poi.ion was the 
following : — 

2a =2 mm, r o = 1.3s; F=4.8"""/ Bi ^=23mm/ H! . 
The relation between the 2a and T of the vibrations after +he 7Uh 
second is given iu"the following table :— 
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IIONGO : HORIZONTAL MOTION. 



NS component. 



2a (mm) 



1.4 
1.2 
1.0 
0.8 
0.8 
0.7 
0.7 
0.7 
0.7 



\ 



U).9(mean) 



0.6 
0.6 
0.6 
0.6 
0.6 
0.6 



-0.6tmean) 



T (sec.) 



1.3 
1.3 
1.1 
'2.0 
1.0 
1.4 
1.3 
1.3 



1.4 (mean) 



EfV component. 



•in (mm) 



Nnnibur of 
vibrations. 



0.08 

1.06 

1.4 

1.2 

11 

1.5 



1.2(mean) 



0.94 
0.6 
0.6 
0.5 
0.4 
very small 



0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 
0.3 
0.2 
0.2 
0.2 



0.32 
(mean) 



/ 



1:2 
0.761 
1.5 
1.2 
1.1 
1.1 
1.1 

1.3 
0.64 
0.85 
1.0 



1.07 

(moan) 



Average T (sec.) 



1 


1.0 \ 


1 ., 


0.91 


1 


1.3 


1 


0.72 


1 


0.78 


4 


0.51 


4 


0.57 


3 


0.52 ) 


7 


0.471 


3 


0.52 


4 


0.53 


5 


0.55 


r> 


0.69 


3 


0.69 


2 


0.72/ 



) 0.7s 



The average period deduced from 23 vibrations in the very end 
portion of the NS component was 0.94s. 
Vertical motion. Duration = 30s. 

The vertical motion, which was active during the first 32 seconds, 
was irregular and consisted of some very small vibrations mixed with 
comparatively large undulations, the character being similar to that of 
the horizontal motion. In this case, therefore, the vertical motion might 
be due, partly at least, to the vertical component of the normal or trans- 
verse motion and not a purely surface motion. 

There was no prominent wave in the vertical component which 



be No. 70. April 30, 188S : 5.41.38 a.m 
Observation at the Cent. Met. Observatory . 
Dnration. 
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Direction. E-W. 
Max. H.M. Very small. 
Character. Gentle. 

Ejke No. 71. April 27, 1888 ; 8.34.34 a.m. 
Observation at the Gen*. Met. Observatory 
Duration. 2 m. 
Direction SW—NE. 
Max. H.M. 0.2mm (period = 1.5s). 
Character. Gentle. 
Hitoteubashi. 

A small earthquake, whose motion consisted entirely of regular 
gentle vibrations, there being no vertical component. Duration = ll()s. 
Max. 2a=0.35 mm, T o =0Ms ; T=1.2 mm/ R ^ = 8 mm/ 8 .2 
The average period was as follows : — 

EW component 0.87s (deduced from 27 vibrations). 

NS „ 0.89s ( „ „ 11 „ ). 

Eqke No. 72. May 5, 1888 ; 8.52. 24 p.m. 

A tremor observed at the Cad. Met. Observatory. 

Eqke No. 73. May 8, 1888 ; 4.7.56 a.m. 

A tremor observed at the Cod. Met. Observatory. 

Eqke No. 74. May 8, 1888 ; 4.51.41 a.m. 

A tremor observed at the Cent. Met. Observatory. 

Eqke No. 75. May 10, 1888 ; 10.12.0 a.m. 

A tremor observed at the Cent. Met. Observatory. 

Eqke No. 70. May 13, 1888 ; 4.51.52 a.m. 

Observation at the Cent Met. Ohservatory : — 
Duration. 10s 



Mas. H.M. 1.5 mm (period = 2.6s (? ) j 
Max. V.M. 0.2 mm (period = 0.7s). 
Character. Gentle. 
Hitotavbaald. 
Horizontal motion, Duration — 4m. 

The preliminary tremor liisted for about IDs and consisted of vibra- 
tions, whose period was nearly equal to that in the succeeding portions. 

Max.2a-2.2mm, r o = 0.!)7s; V= 7.1 mm / 8 , A = 46.1 ""«>/». i 

The average period deduced from 40 vibrations during the first lm 
of the, EW component, was 0.83s, that deduced from 34 vibrations in tin- 
end portion of the same component lining also 0.84s. 

Vertical motion. Duration -about 2m. 

The duration of the preliminary tremor was nqual to that of tho 
horizontal. 
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Max. 2a = 0.4mm, 7 7 o = 0.70s ; V= 1.8 mm/ 8) 4 = 16 mm/ g .* 
The period was unusually long, the average value deduced from 17 
vibrations, being 0:64s. * 

Hongo. • • 

Horizontal motion. Duration — 140s. 

The motion, which was greater in the EW than in the NS compo- 
nent, was at first a little irregular, but soon became regular. 

Max. 2a=0.74 mm, 5T o =0.78s ; F=3 n:m/ B> 4=25 mm/ 8 * 

The maximum was, however, not prominently large, there being a 
great number of vibrations of nearly equal amplitude. The average 
period of vibration, after the disappearance of ripples was as follows : — 

EW component 0.54s(deduced hoin 58 vibrations) ; 

NS „ 0.85s( „ „ 26 „ '). 

Vertical motion. Duration = 20s. 

This began with small waves. 

Max. 2a = 0.1 mm, T Q = 0.37s ; V=0M mm/ 8 4 = 14.4 mm/ 8 > 
The average period deduced from 17 vibrations was 0.18s. 

Eqke No. 70. May 24, 1888 ; 9.35.37 a.m. 

Observation at the Cent. Met. Ohserv(.tor)j : — 
Duration. 60s. 
Direction. E— IF. 
Max. H.M. Small. 
Cliaracter. Gentle. 

Eqke No. SO. May 24, 1888 ; 11.45.5 a.m. 

A tremor, which was felt at Hongo, but did not start the machines. 

Eqke No. SI. May 26, 1^88 ; 6.17.14 p.m. 

A tremor. The seismographs at Hit tsnlashi recorded very slight 
movements. 

Jijkc No. S2. May 27, 1888 ; 7.5.9 p.m. 



ponent, was irregular at first but soon became regular. There was no 
prominently large displacement, the motion being made up of a series 
of vibrations of nearly constant period, tlie amplitude decreasing very 
gradually. 

Max. 2a = 1.8mm, T o =0.9ia ; F= 6 A=40nmf^. 

The average period, deduced from 21 vibrations in the principal 
portion of the EW component, was 0.80s ; that deduced from 48 vibra- 
tions in the end portion of the same component was 0.86v 

Verilc.nl mntion. Duration— 25s. 

The vertical motion, the duration of whose preliminary tremor wan 
equal so that of the horizontal, consisted of slow vibrations, whose 
average period deduced from 7 largest vibrations wn; 0.63s. 

Max.2a = 0.2mm, r o =0.G2s; F=0.5 ^ = 2.<imm/ s . 

Al/iv Ku. H I. Juno 12, 1888 ; 9.0.27 p.m. 
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Observation at the Cent. Met. Observatory : — 
Duration. 20s. 
Direction. NWN-SES. 
Max. H.M. 0.4mm (period = 1.2s) 
Character. Gentle. 
HitoteitbashL 

Duration— 100s. There was no vertical component. The motion 
which was at first slightly superposed with ripples soon became regular 
and constant in period. 

Max.2a=0.3 mm, T = 0.88s; V= 1.1™W«, ^ = 8.0nim/s*. 

The average period deduced from 40 vibrations was 0.78s. 
Hongo. 

Horizontal motion. Duration = 60s. 

The motion occurred equally in the two components. At first the 
vibrations were very quick, the average period being 0.23s. Towards 
the end, the vibrations became very slow ; the average period deduced 
from 9 vibrations being 2.0s. 

Max.2a= 0.16mm, 2^=0.228; K=2.3mm/ g> A = ti6*™/ H *. 

Vertical motion. Duration = 10s. 

The vertical motion, whose maximum occurred at the commence- 
ment, was well pronounced in comparison to the preliminary tremor of 
the horizontal. 

The period of the vertical motion was identical with that of I he 
small movements in the earlier portion of the horizontal ; there being 
during the first 2.9s interval 14 vibrations in the horizontal and also 
exactly the same number in the vertical componeut. Thus it may be 
supposed that the vertical motion and the horizontal ripples are related 
to one another, and are possibly components of surface waves ; the earth 
particle describing a small elliptical orbit, whose vertical axis is com- 
parable in magnitude to the horizontal. 

Max.2a= 0.06mm, r o =0.23s; F=0.9mm/ K ^ = 23^/ 8 *. 

The motion consisted of small regular waves, whose average period 
was 0.26s. 



Horizontal motion. Duration = 70s. 

The character of motion was much similar to that of the earthquake 
of .Time 12, 1S88. The motion bi>gan with small irregular vibrations, 
but afterwards became lengthened in period. 

Max.2a = 0.2mm, r o =0.6a; ^=0.52""%, -4=2,7 >»»>/■». 

In the EW component, the ripples had an average period of 0.42s, 
these being superposed on slower undulations of an average period of 
1.3s. In the N8 component, the corresponding average periods were 
erspectively 0.46s and 1.2s ; towards the very end, the waves had an 
average perio"l of 2.1s. 
Eqke No. 87. June 18, 1888 ; 3.17.0 p.m. 

A tremor observed at the Vent. Mr/. Olufn-tit'in/, 



E>ike No. 88. .Tune 18, 1888 ; !>.5!U4 p.m 



f 
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A tremor observed at the Cert. Met. Otmrvatory. 

Eqke No. 89. June 10, 1888 - r 6.29.57 a.m. 

Observation at the Ceiti. Met. Observatory : — 

Duration. 20s. 

Direction. E- W. 

Max. H.M. 0.2 mm (period = 0.8s) 

Character. Quick. 

Eqke No. 90. June 22, 1888 ; 7.6.25 a.m. 

A tremor observed at the Cent. Met. Ol>servatory. 

Eqke No. 91. June 24, 1888 ; 11.8.20 p.m. 

Observation at the Cent. Met. Olwvatory : — 
Duration. 10s. 
Direction. E- W. 
Max. H.M. Small. 
Character. Quick. 

Eqke No. 92. July 2,1888 ; 4.51.56. a.m. 

Observed as a tremor at the Cert. Met. Observatory. 
HitotsulKishi. 

Duration = 30s. The motion which was very small, was almost 
entirely in the EW direction, there being no vertical component. 
Max. 2a =0.25 mm, !T = 0.57a ; r=1.4 mm/ Bt A ^16 

Eqke No. 93. July 7,1888 ; 9.87.37 a.m. 

Observation at the Cert. Met. Observatory : — 
Duration. 180s. 
Direction. E-W. 
Max. H.M. Small. 
Character. Gentle. 
Hitotsvbashi. 

Duration = 80s. The motion, which consisted of slow regular vibra- 



i 



Eqie No. 103. Aug.12, 1888 ; 11.42.27 ajn. 

Observation at the Cent. Met. Obseroatory : — 
Duration. 180s. 
Direction. SWS—NEN. 
Max. H.M. 0.4mm(period = l.'is. 
Character. Gentle. 
Hitotaubaahi. 

Duration —3 m. The earthquake, which began very gently, gra- 
ilually attained the full amplitude and then remained nearly of the same 
size through a considerable time interval. The motion was much greater 
in the E\V than in the NS direction, there being no vertical component. 
Max.2a=l.lmm, 7>:0.81s; r=4.3 m/,, A-=M mm/ H _, 
The average period, deduced horn 117 vibrations in the 7?ircompo- 
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nent, was 0.78s. 
Hongo. 

Duration = about 3 nl. No vertical motion. 
Max. 2a =0.5 mm. 

Eqke No. 104. Aug. 17,1888 ; 3.49.50 a.m. 

Observation at the Cent. Met. Observatory :. — 

Duration. 70s. 

Direction. E- IV. 

Max. H.M. 0.2 mm (period = 1.0s) 

Character. Gentle. 

Eqke No. 106. Aug. 18,1888 ; 1.22.0 a.m. 

A tremor observed at the Cent. Met. Observatory. 
Hitotsiibashi. 

Duration = 100s. No vertical motion. 
Max. 2a=0.2 mm, !T o =0.88s ; F=0.7 mm/ B> A = 5*to/ H , 
The average period, deduced from 27 vibrations, was 0.79s. 
Hongo. 

The motion was very small. 

Eqke No. 106. Aug. 19,18S8 ; 9.19.26 a.m. 

A tremor observed at the Cent. Met. Observatory. 

Eqke No. 107. Aug. 19,1888 ; 11.47.25 a.m. 

A tremor observed at the Cent. Met. Observatory. 

Eqke No. 108. Sept. 2,1888 ; 5.45.0 a.m. 

Observation at the Cent. Met. Observatory : — 
Duration. 30 s. 
Direction. E- IV. 
Max.H.M. Very small. 
Character. Gentle. 



larger in the EW than in the NS component. 

Max. 2a =0.7 mm, 7' o =0.66s; F=3.3 mm / H ,^=31 "»■>/*.' 

The motion was of maximum intensity immediately after the prelimi- 
nary tremor. The average period, deduced from 32 vibrations, was 0.78s. 

Vertical motion. Duration = 40s. 

The vertical motion, whose preliminary tremor consisted of very 
small movements, became active simultaneously with the horizontal. 

Max. 2a =0,18 mm, T = 0.38s; P=1.5 mm/m i4=25»«"/«.« 

Tliis maximum occurred not exactly at tlie same moment as the 
maximum horizontal motion. 

Horizontal motion. Duration — 70s. The motion, which occurred 
equally in the two horizontal components, commenced with the following 
maximum :— 
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Max.2a=0.6mm, Direction S. 

A second maximum, which occurred later on, was the following : — 

2a=0.34 mm, !T o = 0.55s ; F=1.9»m/ B , ^4=21 >«m/ 8>1 

The vibrations were at first irregular, but soon became regular. 

The average period deduced from 11 well defined vibrations was 0.52s. 
Vertical, motion. Duration = 20s. The motion, which was active 

during the first 10s, consisted of small vibrations, whose average period 

deduced from 8 vibrations was 0.28s. There was no well defined large 

vibration. 

Max. 2a=0.13mra, T = 0.38s ; F=l.l ™™/ H ,J = 20 row/„.» 

Eqbe No. 123. Nov. 2,1S8S ; 1.48.1 p.m. 

Observation at the CeiiJt. Met. Observatory : — 
Duration. 00s. 
Direction. E-W. 
Max. H.M. 0.3mm(period - 0.8s). 
Character. Q uick . 
Hitotsiibashi. 

Horizontal motion. Duration = 160s. This was a moderate earth- 
quake, whose motion was much greater in the EWthnm in the NS com- 
ponent and wliich consisted of perfectly regular vibrations. 

The preliminary tremor lasted for 10s and consisted of small slow 
vibrations of an average period of 0.58s. This was suddenly followed 
by large movements. 

Max. 2a= 1.2mm, Direction BW % 7 T o = 0.77s; F=4.9 mm/ B> 

A = 40 mm/ B .* 

The average period deduced from 38 vibrations in the E W compo- 
nent was 0.71s. 

Vertical motion. Duration - 30s. The motion began very gradually. 
The following maximum occurred a little later than the horizontal maxi- 
mum : — 

Max. 2a = 0.2mm, r o =0.4s; F=1.G »m/g ,^4=25.6 mm/ K * 
Homjo. 



Duration =20s. No vertical motion. 

Max.2a=0.Hmm, r o =0.34s; V=\.Z «"»/,^=3.4™/ li , 
The motion consisted of irregular vibrations. 

Kqke No. 125. Nov. 3,1888 ; 8.13.33 a.m. 

Observation at the CciU. Mi. Ohnzrmitorij : — 

Duration. 4m 30s. 

Direction. SW-NE. 

Max. H.M. 1.9mm(period=0.4d> 

Max. V.M. 0.5mm(period = 0.4s . 

Character. Quick. 

Remark. The preliminary tremor lasted for 7s, when both tin; 
vertical and the horizontal components became large. The maximum ver- 
tical vibration occurred at the 10th second, the motion ;■ ■infilling active 
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for the next 3s. The maximum horizontal motion occurred at the 10th 
second, the motion remaining active for the next 20s. 

(This earthquake which was moderately severe was unfortunately 
not recorded at Hitotmlxhs hi and Hongo.) 

Eql-c No. 126. ' Nov. 5,1888 ; 4.22.55 a.m. 

Observed as a tremor at the Ceni. Met. Observatory. 
HitotmlKishi. 

Duration - 60s. The motion was almost entirely in the E\V com- 
ponent. 

Max. 2a=0.23mm, T -0.82s; J'^0.96 mm/ 8 t A = 7.1™™/ H .* 
The average period deduced from 18 vibrations was 0.77s. 

Ejke No. 127. Nov. 6,1888 ; 4.38.37 p.m. 

Observation at the Cmt. Mtt. Observatory : — 
Duration. 180s. 
Max. H.M. 0.2mm(period-2.2s) 
Character. Gentle. 

Eqhe No. 128. Nov. 7,1888 ; 10.27.34 p.m. 

Observation at the Ceni. Met. Olxtervatory : — 
Duration. 240 s. 
Direction. E-W. 

Max. H.M. 0.5mm(period- 3.5s ( ? ) ). 
Character. Gentle 
Hitotevbashi. 
Duration = 250s. No vertical motion. 

This was a very small earthquake, the motion consisting of slow 
vibrations. 

Max. 2a = 0.36mm, 7 7 = 2.8s ; T- 0.4 mm/ H| A = 0.9 

fyke No. 12!). Nov. 10,1888 ; 1.37.44 p.m. 

Observation at the Cent. Met. Olwrratory : — 
Duration. 90s. 



alternations of maximum epochs. 

Hax.2a=0.4mm, 7* o =0.95s; V=1.3 ™™/ a ,A = 8.!> 
The average period, deduced from 26 vibrations in the EW com- 
ponent, was 0.9s 

Ejke No 131. Nov. 20,1883 ; 0.5:). 29 a.m. 

Observation at the Ceitt. Met. Obnerwttory : — 
Duration. 150s, 
Direction. E-W. 
Max. H.M. 0.2imn(period=0.ys). 
Character. Gentle. 
HitotNutxuslti. 

Duration = 3m. The duration was very long in comparison to the 
amplitude, which remained nearly constant during a considerable inter- 
val of time. The motion was clnVly in the EW direction, there being 
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no vertical motion. 

Max. 2a -0.75mm, T o ^0.75s; F=3.1mm/ g> A= 25.3mm l H , 
The average period, deduced from 17 vibrations in the EW compo- 
nent, was 0.77s. 
Hongo. 

The motion was very small. 

Eqke No. 132. Nov. 22,1888 ; 1.27.43 p.m. 

Observed as a tremor at the Cent. Met. Observatory. 

Hitotsubasld. 

Duration = 170s. The motion was cluefly in the EW direction, 
there being no vortical component. 

Max. 2a =0.63 mm, T o =0.85s ; F=2.3 mm/ s ^16.5mm/ s * 
The average period, deduced from 29 vibrations in the EW compo- 
nent, was 0.8s. 

Eqke No. 133. Nov. 23,1888 ; 5.13.30 p.m. 

A tremor observed at the Cent. Met. Observatory. 

Eqke No. 134. Nov. 24,1888 ; 2.3.23 a.m. 

Observation at the Cent. Met. Observatory : — 

Duration. 240s. 

Direction. NW-SE. 

Max. H.M. 0.4mm (period = 1.4s). 

Character. Gentle. 

Eqke No. 136. Nov. 25,1888 ; 4/0.15 p.m. 

Observation at the Cent.. Met. Olmrvatory : — 

Duration. 15s. 

Direction. E- W. 

Max. H.M. 0.2mm (period = 0.5s). 

Character. Quick. 



chiefly in the NS direction. 



Eqke No. 137. Dec. 3,1^88 ; 0.24.47 p.m. 

Observation at the Cent. Met. Ofaervntot't/ : — 
Duration, 120s. 
DirectioD. SE-NW. 
Max. H.M. 0.2mm ; period = 1.8s;. 
Character. Gentle. 
Hito'xitboxhi. 

Dmation = 120s. The earthquake, wlik-h was chiefly in the KW 
direction, consisted of a series of vibrations whose amplitude remained 
nearly constant. There was no veitieal motion. 

Max. 2a = 0.63miu, ?' o =0.79s; r=2.5i>"»/«, A ^2(1""" /*.-■ 
The average period, deduced from vibrations in the FAV compo- 
nent, uns 0.77s. 
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* 

Eqke No. m. Dec.; 6,1888 ; 7.27.42 a.m. 

Observed as a tremor at the Cent. Met. Observatory. 
HUostubashi. 

Duration = 80s. This was a very small earthquake, whose motion 
occurred equally in the two horizontal components, there being no 
vertical vibration. 

Max. 2a = 0.17mm, T o =0.68s; ^0.79mm/ 8 9 A = 7.&™/b .* 

The average period, deduced from 27 vibrations in the EW compo- 
nent, was 0.75s. 
Hongo. 

Motion was very small. 

Eqke No. 139. Doc. 16,1888 ; 4.19.3 a.m. 

Observation at the Cent. Met. Observatory : — 
Duration. 20s. 
Direction. N-S. 
Max. H.M. Small. 
Character. Gentle. 
Hongo. 

Horizontal motion. Duration = ? The motion consisted of 
n single prominent displacement, followed by small vibrations, the 
earthquake having been probably caused by some sudden blow, which 
acted only for a moment. The residual motion miglit be the fiee vibra- 
tion of the ground. The EW component was much smaller than the 
NS. The numbers of vibrations in the latter component during the 
eight successive 10 seconds intervals after the greatest movement were : — 
16, 18, 21, 19, 21, 21, 20, 20 ; the period being thus somewhat longer at 
the commencement, where the amplitude was also greater. Towards 
the end the period became constant. 

Average period {NS)— 0.5s. 

Vertical motion. Duration— ? The vertical motion consisted 
of vibrations, whose period remained constant and had an averge value 
of 0.2s. It may be remarked tliat the period was very nearly equal to 



Observation at the Cent. Met. Olmrvator;/ : — 
Duration. 12s. 
Direction. SW-NE. 
Max. H.M. 0.5mm (period = 0.3s). 
Max. V.M. Small. 
Character. Quick. 
Hitotwbashi. 

Duration — 70s. This was a.snmll earthquake, whose motion was 
uhieflr in the EW direction, there being no vertical component. The 
maximum vibration occurred at the commencement. 

Max.2a-0.38mm. Direction E, T Q — O.S7s ; r= 1.4mm ^ 
i -l = 9.9mn>/ 8 =. 

Tlie vibrations which followed tiie maximum rapidly decreased, the 
average period being as follows : — 
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E W component 0.81s (deduced from 42 vibrations) ; 

NS „ 0.84s ( „ „ 15 „ ). 

Hongo. 

The motion was immeasurably small. 

Ejke No. 143. Jan. 1,1888 ; 7.5.30 p.m. 

Observation at the Cent. Met. Observatory : — 

Duration. 120s, 

Direction. SW-NE. 

Max. H.M. 1.1mm (period = 0. Is ( ? ) ). 

Max. V.M. 0.5mm (period = 0.3s). 

Character. Quick. 

Remark. The earthquake began with preliminary tremor, which 
lasted for 6s, and which were chiefly in the EW direction. Thereafter 
the motion became large in all the three components, executing 80 active 
vibrations during the next 10 seconds interval. 

Area of disturbance. The earthquake originated in the boundary 
districts of Hitachi and Musashi and extended on the north to a radial 
distance of 60 W, while on the south and the east it reached the sea shores. 
The land area of disturbance was 3430 sq. ri and included the following 
16 provinces : Musashi, Shimosa, Kazusa, Awa, Hitachi, Shimotsuke, 
Kotsuke, Sagami, Kai, Izu (northern part), Suruga (eastern part), 
Shinano (eastern portion , Echigo (southern portion), Iwashiro (southern 
part), Iwaki (southern part), Rikuzen (southern portion). The area of 
strong motion was about 700 sq. W, and extended over the following 6 
provinces : Musashi (eastern part), Shimosa (western part), Hitachi 
(southern part), Shimotsuke (southern portion), Kotsuke (south-eastern 
portion), and Sagami (north-eastern portion). Within the latter area, 
sharp vertical motion was generally felt. In Tokyo the shock was strong 
enough to cause overturning of furnitures, etc. At Mito (province of 
Hitachi) some articles were thrown down from shelves, and at Kawachi 
District (province of Shimotsuke) shoji or paper covered sliding doors 
were almost thrown out ol the grooves. 



Max.2ft-0.lmm, T a = 0.82a ; V=0A ™./ Sj A=%>.) mm fa 

The average period was as follows :— 

EW component 0.81s (deduced from '24 vibrations), 

NS „ 0.86b ( „ „ 12 „ ). 

Eqlce No. 147. Jan. 12,1889 ; 8.84.3 p.m. 

A tremor observed at the Cent. Met. Observatory : — 

Eqhe. No. 148. Jan. 13,1889 ; 

Hitoisnbashi. 

Duration = 60s. A very small earthquake, whoso motion w 
chiefly in the EW direction, thero being no vortical component. 

The preliminary tremor, whose duration was short, consisted 
vibrations of the same period as in the subsequent portion. The viln 
tions in the NS component were small and ill defined. 
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Max. 2a=0.38 mm, Direction E-W, T Q = 0.47s ; F=2.5 mm/ Si 

A -34 mm /s. 2 

^fo A 7 o. Jan. 27, 1889 ; 2.28.47 p.m. 

A tremor observed at the Cent. Met. Observatory. 

Eike % r o. 160. Jan. 29, 1889 ; 

Hitotsubashi. 

Duration = 60s. This was a small earthquake, whose motion was 
chiefly in the EW direction, and which began very gradually. At about 
8s from the commencement, the motion reached its full amplitude 
thence gradually decreasing. 

Max.2a = 0.38mm, T o = 0.56s; F=2.1 mm/ 8> i = 23.9 mm/ K>J 
The average period in the E TV component was as follows : — 16 
vibrations in the earlier part, whose 2a varied between 0.4mm and 
mm and had a mean value of 0.3 mm, had an average period of 0.6s ; 
while the 17 vibrations of small 2a in the end portion gave an average 
period of 0.55s. 

Eqlce No. 161. Feb. 5, 1889.; 2.27.39. p.m. 

Observation at the Cent. Met. Observatory :— 
Duration. 5s. 
Direction. N-S. 
Max. H.M. Small. 

Eike No. 162. Feb. 9, 1889 ; 7.41.38 a.m. 

Observation at iheCent. Met. Observatory. 
Duration. 10s. 
Direction. N-S. 
Max. H.M. Small. 
Character. Quick. 



Eqke. No. 163. Feb. 15, 1889 ; 5.14.3 a.m. 

A tremor observed at the Cent. Met. Observatory. 



(south-eastern part), Ecliigo (central part). Mikawa (nearly- whole of the 
province), Owari {northern part), Mfno (eastern part). The area of 
atmng motion was 1300 sq. ri anil extended over the following 11 
provinces : — Musashi, Sngami, Izu, Awa, Kazusa, Shimosa, Hitachi, 
(southern part), Shimotsuke (southern part , Kotsuke (southern portion), 
Kai (eastern part), Suruga (eastern part). The shock was felt with a 
great violence within an area of 300 sq. ri, which extended over the 
five provinces of Sagnini (eastern part), Musashi (south-eastern portion), 
Shiinosa (south-western portion), Kazusa and Awa. Witliin the hitler 
area, houses were damaged, furnitures overturned, etc. Thus in Tokyo, 
<Um (Japanese godowns) had plasters sliakeu down ; walls were cracked ; 
tomb stones mid i.shutorc ( Japanese stone lanterns) overturned ; furnitures 
overthrown ; pendulum clocks stopped ; liquids thrown out ; etc. In 
Yokohama, some houses were damaged. In Alko District, province of 
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Sagarai, dozo were cracked. Along the sea shore of Tsurugi-zaki in 
the same province the shock was also very strong and some houses were 
damaged. In Awa, pendulum clocks were stopped, and waters thrown 
out from vessels which were about f$ full. In the Mota District, 
province of Kazusa, house walls were cracked, articles overthrown, and 
liquids thrown out by about 30% from vessels filled with them. In the 
Nagara Di^rict of the same province, people generally ran out of doors, 
and liquids were thrown out of vessels. 

In the Kawachi District, province of Shimotsuke, house walls were 
cracked, bottles overturned, pendulum clocks stopped. In the Haga 
District of the same province, pendulum clocks were stopped and liquids 
thrown out. In the Naka-Koma District, province of Kai, some articles 

were overturned This earthquake originated like some 

other strong ones probably at the southern extremity of the Tokyo Bay. 
But it was for the first time since the winter of 1884, when the system 
of the earthquake observation in Japan was organized, that the dis- 
turbance extended to such great distances towards North-West. 
The damage produced, however, was not very severe. 

The direction of motion in the meizo-seismal area was as follows : 
SE-N W or E- W on the western shore of the Tokyo Bay, E- W and 
SE-N W on the eastern, and mostly N-S on the northern shore. 
Horvgo. 

Horizontal motion. Duration — 8m. The earthquake began with 
preliminary tremor, which lasted for about lis and consisted of quick 
small vibrations. These latter were already moderatley strong, (max. 
2a=0.8 mm), being as large as the movements in the earthquake of 
March 9, 1888. 

After the termination of the preliminary tremor, the motion became 
suddenly great in the two horizontal components, there being five 
prominent displacements, the first of which was from S to N, and the 
second of which was nearly from E to W. The succeding vibrations, 
which were far smaller, were quick in period. After about 20s from 
the commencement of the earthquake, the superposed ripples disappear- 



irregular and complex anil it was not possible to see any definite rela- 
tion between the 2a and T. The measurement in the following table 
has been taken from the horizontal component after the disappearance 
of the ripples. 
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HONGO : HORIZONTAL MOTION. 



2a (mm) 


T (sec.) 


2a (mm) 


T (seo.) 


4.2 




2.0 , 










4.0 


2.4 




1.3 \ 




1.7 \ 


3.1 




2.2 




1.2 




1.7 




3.0 


• 3.1(mean) 


1.6 


- 2.0(meau) 


1.1 




1.3 




2.6 


1.9 


1.1 




1.0 




2.4 




2.4 




0.9 




0.97 




2.2 




1.8 ' 




0.9 




0.97 




1.9 \ 


1.6 \ 


0.9 




0.97 




1.9 




1.5 




0.9 




1.4 




1.9 




1.7 




0.7 


0.55 


0.70 


1.07 

(mean) 


1.8 




1.2 




0.7 


' (mean) 


1.3 


1.8 




1.6 




0.7 


1.4 




1.H 




1.9 




0.6 




0.72 




1.7 


) 1.7 (mean) 


1.5 


I 1.6 (mean) 


0.6 




1.1 




J. 6 


1.9 


0.6 




1.1 




1.6 




1.9 




0.56 




0.82 




1.6 




1.7 




0.5 




0.87 




1.5 




1.1 




0.34 




0.58 




1.5 




1.7 




0.3 ; 


0.70 J 




1.4 ) 




1.1/ 











Vertical motion. Duration = 220s. 

The preliminary tremor lasted for about 9s, during which the maxi- 
mum motion was 0.3 mm. Then followed two large displacements super- 
posed with irregular ripples. The succeeding vibrations were somewhat 
smaller but quick in period, so that the character of motion were exactly 
similar to that of the horizontal. From the 22nd second the vibrations 
became slower in period. 

Max. 2a=1.0mm, T o = 0.96s; r=3.3mm/ B> A=21A ^m/^ 

The maximum motion occurred 2.4s earlier than the large 
horizontal vibration ; the most active portion of the vertical component 
also ending 2.4s earlier than the corresponding portion of the horizontal. 

In this case, the motion was, unlike that in small earthquakes, not 
simple and regular, but was irregular and superposed with ripples. 

The relation between the 2a and T is given in the following table. — 



The average period deduced from 30 vibrations ia the end portion 
was 0.39s. 

E<jke No. loo. Feb.18 ,1889 ; 6.537.45 a.m. 

Observation at the Cent. Met. Observatory : — 
Duration. 120a. 
Direction SW-NE. 
Max. H.M. 0.2mm. 

Arm of disturbance. The total land area of disturbance was 132(1 
sq. ri, and extended over the following 1(1 provinces; Mnsashi, Sngami 
(eastern part , Kazusa western p iri), Shimosa (western part), Hitachi 
(south- western portion), ShiinotsnUo (southern part), Kotsnke (southern 
part), Shinano (eastern portion , Kai (eastern portion', Suruga north- 
eastern portion). The motion Was generally weak. 
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Hitotsitbashi 

Duration = 1008. The motion was almost entirely in the EW direc- 
tion, there being no vertical component. 

Max. 2a = 0.3mm, T o =0.65s; Fr=1.4mm/ Hf A = U.0™™/*i. 

The period remained exactly constant, the average value deduced 
from 30 vibrations being 0.74s. 

Eqke No. 166. Feb. 18,1889 ; 7.48.52 a.m. 

Observation at the Cent. Met. Observatory : — 
Duration. 120s. 
Direction. E- W. 
Max. H.M. Small. 

The area of disturbance was nearly identical with that of the preced- 
ing (Eqke No. loo), the motion having been felt weakly or slightly. 

Eqke. No. 167. Feb. 18,1889 ; 8.2.0 a.m. 

Observed as a tremor at the Cent. Met. Olmrvatory. 

The area of disturbance was limited to the vicinity of Tokyo. 

Eqke No. 158. Feb. 18,1889 ; 10.10.56 a.m. 

Observation at the Cent. Met. Observatory : — 
Duration. 30s. 
Direction. SE-NW. 
Max. H.M. Small. 

The land area of disturbance was 10 >0 sq. ri and extended more 
in the N-S direction than those of earthquakes Nos. 155 and 156, in- 
cluding the following 8 provinces : — Musashi, Sagarin (eastern part\ Kai 
(north-eastern portion), Kotsuke(south-eastern part), Shimotsuke (south- 
western portion), Hitachi (south-western portion), Shimosa (western 
part), Kazusa (western portion). 

The shork was felt weakly. 



Eqke No. I6D. Feb. 19,1889 ; 2.57.43 p.m 



Max.2a=0.13rara, T o =0Ms ; F=0.8 ^ ,4=9.9 »/,,. 
The average period, deduced from 2L vibrations in the EW 
nont, was 0.62s. 

Eqke No. 102. Feb. 21,1889 ; 8.19.23 n.m. 

Observation at the CeM. Met. OlHieruritwi/ : — 
Duration = 20s. 
Direction. N-8. 
Max. H.M. Small. 
Character. Gentle. 

fi/fcr X». 1U3. Feb. 21,1889 ; 11.1.4 a.m. 

Observation at the Cent. Met. Ohscrvaloi-if : — 

Duration. ilOa. 

Mux. H.M. Very small. 
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Character. Gentle. 

Eqke No. 104. Feb. 21,1889 ; 9.27.52 p.m. 

Observation at the Cent. Met. Olwrvatory : — 
Duration. 15s. 
Direction. N-S. 
Max. H.M. Small. 
Character. Gentle. 

Eqke No. 105. Feb. 23,1889 ; 11.27.21 p.m. 

Observation at the Cent. Met. Observatory : — 
Duration. 13s. 
Direction. N-S. 
Max. H.M. Small. 
Character. Gentle. 

Eqke No. 100. March 3,1889 ; 4.35.19 p.m. 
Observation at the Cent. Met. Ohservatory 
Duration. 30s. 
Direction. N-S. 
Max. H.M. 0.2mm ( period = 0.6s). 

Eqke No. 107. March 4,1889 ; 7.24.25 a.m. 

Observed as a tremor at the Cent. Met. Observatory. 
Hitotsubashi. 

Duration = 80s. This was a small earthquake, whose motion was 
almost entirely in the EW direction, there being no vertical component. 
The maximum vibration occurred at the commencement, the succeeding 
vibrations presenting alternations of maximum and minimum groups. 
Max. 2a = 0.25 mm, r o =0.65s; J 7 - 1.2 mm/ 8 , ^=H.7mm/ 8 , 
The average period, deduced from 44 vibrations in the EW compo- 
nent, was 0.69 s. 
Hongo. 



Max. H.M. 4.1 mm iperiod=U.(is:. 
Mux. V.M. 0.6 mm (period = 0.5s . 
diameter. Quick. 

Remark. The horizontal preliminary tremor Listed for 4s, when 
the maximum horizontal motion suddenly took place. The vertical mo- 
tion also became active at the 4th second from the start, its maximum 
having occurred 4s later than the horizontal maximum. 
Ilunyo. 

Horizontal motion. Duration = 80s. The motion consisted principal- 
ly of quick vibrations, which were irregular at first but became regular 
later on ; there being no prominent movement. The motion was maxi- 
mum at the commencement and active only during the first 20s, so that 
the intensity decreased rapidly. The amplitude was greater in the Eli' 
component ; the motion at the start being principally in the EW direc- 
tion. 
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Max. 2a =0.7 mm, 7 T o = 0.25s: F=8.8mm/ g> -4=221mm/„.* 

Another vibration was as follows : — 

Max. 2a = 0.5mm, 2 T o =0.21s; F=7.5mm/ B> ^l=224mm/ s2 

The average period of the quick vibrations in the earlier part of the 

earthquake was as follows : — 

E W component 0.27s(deduced from 40 vibrations), 

NS „ 0.29s( „ „ 22 „ ). 

Towards the end the vibrations were slow and had the 'following 

average periods : — 

EW component 1.2s (deduced from G vibrations), 

NS „ 0.75s ( „ „ 46 „ ). 

Vertical motion. Duration = 60s. The motion was maximum at the 

commencement and remained active during the first 25s. The period 

was at first quick, but became slow towards the end. 

Max. 2a = 0.23 mm, !T o =0.44s ; V=l.ii ™™/* t .4 = 23.5 mm/ s * 

The average period was at first 0.36s (deduced from 22 vibrations), 

but in the end portion 0.65s (deduced from 10 vibrations). 

Eqke No. 172. March 28,1889 ; 10.22.55 a.m. 
Observation at the Cent. Met. Observatory : — 
Duration. 75s. 
Direction. SE-NW. 
Max. H.M. 0.5 mm (period = 0.5s). 
Max. V.M. Small. 
Character. Gentle. 

Remark. The motion was active from the commencement, there 
being 50 similar vibrations during the first 23s. The vertical motion 
was very small and lasted for 40s. 
Hongo. 

Horizontal motion. Duration = 100s. 

The motion began very gently with small slow vibrations. 
Max. 2a = 0.8mm, 5T o = 0.69s ; K=3.6mm/ R> ^ = 33.2™"/** 
The average period was as follows : — 



Duration. 240s. 
Direction. 8ES-NWN. 
Max. H.M. 3.8mm (period = 2.5s). 
Max.V.M. 0.2mm (period=0.fis). 
Character. Gentle. 

Remark. The motion was at first very small, the horizontal move- 
ment becoming active at the 5th second and reaching the maximum at 
the 25th second. The vertical maximum occurred at the 15th second, 
the motion lasting altogether for about 25s. 
How*. 

Horizontal motion. Duration=200s. The motion consisted of slow 
undulations, superposed with some small ripples. 

Max. 2a=1.2 mm, T a =1.13m; !'-:!.>'»/, A=190«mfa 
The average period was as follows : — 
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EW component 1.24s (deduced from 16 vibrations), 

NS „ 1.12s ( „ „ 40 „ ). 

Vertical motion. Duration = 65s. The motion was at first irregular 
and there was no prominently large movement. 

Max.2a=1.4mm, T o =0.82s; F=5.4mm/ B ^=41.0mm/ 8 , 

The quick vibrations at the commencement had an average period 
of 0.12s. Towards the end the average period was 0.83s. 

Eqke No. 175. March 31,1889 ; 8.13.3 a.m. 

A tremor observed at the Cent. Met. Observatory. 

Eqke No. 176. March 31,1889 ; 5.59.42 p.m. 

Observation at the Cent. Met. Ohszrvatory : — 

Duration. 120s. 

Direction. S W NE. 

Max. H.M. 1.2mm (period = 0.7s). 

Max. V.M. Very small. 

Character. Gentle. 

Remark. The earthquake began with very small movements, the 
maximum horizontal motion occurring at the 30th second. For the next 
60 seconds the motion was more or less active. The vertical motion 
lasted for 50s. 
Hongo. 

Horizontal motion. Duration = 240s. The motion, which began very 
gradually, was more in the EW direction and consisted of slow vibra- 
tions. The following well defined movement took place a few seconds 
from the commencement : — 

Max. 2a=0.6mm, 2= 1.43s ; T=1.3 mm/ R> ^ = 5.8«im/ H 2 

For the next 7.8s during which the motion was irregular, small 
ripples were superposed on slow vibrations ; ;the average period being 
0.49s. The motion then became gradually regular and increased in 
amplitude, till the following maximum took place at the 80th second : — 

Max. 2a= 1.1mm, 5T =2.1s; F=1.6mm/ H( ii = 4.9>nm/ gi , 



horizontal motion suddenly took place, the movements being active for the 
next 20s. The maximum of the vertical motion, which was already well 
pronounced at the commencement, took place at the 2nd second, the 
motion being active for the next 10s. The duration of the vertical com- 
ponent was about 32s. 
Hongo. 

Horizontal motion. Duration = 80s. The motion, which was greater 
in the EW than in the NS direction, consisted at first of small quick 
vibrations. Towards the end the movements became regular and slow. 
Mas.2a=0.3mm, T o =0.26s; F=3.6 »^ .4=87.5 ™/« * 
In the EW component, the average period of the earlier quick vibra- 
tions; was 0.19s (deduced from 70 vibrations), while that of the slow un- 
dulations in the cud portion was 1.0s (deduced from vibrations). In 
the A'.S' component, the superposed ripples were insignificant, the average 
period of the slow movements, deduced from 'S4 vibrations, lieiug 0.70s. 
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Vertical motion. Duratiou = 40s. The motion was maximum at the 
commencement. 

Max. 2a = 0.00 mm, J T = 0.32s ; I r — small, A = small. 

The average period was at first 0.27s (deduced from 13 vibrations), 
but towards the end 0.55s (deduced from 10 vibrations . 

Eqlr No. 178. April 3,18S9 ; 4.40.51 p.m. 

A tremor observed at the dent. Met. Observatory. 

Efte Xo. 17.0. April 6,1889 ; 7.40.13 a.m. 

Observation at the Cent. Met. Observatory : — 
Duration. 50s. 
Direction. SJV-NE. 
Max. H.M. 0.3mm ( period = 0.5s . 
Max. V.M. Very small. 
Character. Quick. 
Hongo. 

Horizontal motion. Duration = 25s. 

Max. 2a =0.26 nun, T Q = 0.49s ; V= 1.7 mm/ 8 A ^21.4 mmj H , m 
The average period, deduced from 4 vibrations in the NS compo- 
nent, was 0.6s. 

Vertical motion. Duration = 20s. The motion was very small. The 
average period, deduced from 11 vibrations, was about 0.23s. 

Ejh> No. 180. April 8,1889 ; 0.48.0 p.m. 

A tremor observed at the Cent. Met. Observatory. 

Eqke No. 181. April 14,1889 ; 5.22.54 a.m. 

A tremor observed at the Cent. Met. Olmrvatory. 

E/ke No. 182. April 18,1889 ; 2.7.41 p.m. 

Observation at the Cent. Met. Ofaervatory : — 

Duration. 

Direction. ESE- JVN W. 



part), Musashi (southern portion), Shimosa tsouth-westorn portion), 
Kazusa, Awa. Within this latter area the earthquake was felt distinctly. 
Finally, the area of slight motion, within which the motion was just 
sensible, was 1930 sq. ri and included the provinces of Shimosa (north- 
eastern part), Hitachi (southern part), Musaslii (northern part), Shimo- 
tsuke (southern portion), Kotsuke (southern part), Kai morthern portion), 
Shinano (southern part), Mikawa, Owari, Mi no (eastern portion). It 
is to be remarked that, in the IsSaud of Oshima, the shock was felt only 
weakly. 

Iloriatmtal motion. Dnration = 9m. The earthquake whose motion 
was nearly equal in the two horizontal components, began very gently 
with extremely small kIow movements, which lasted for 100s and whose 
average period was as follows :— 



MACRO-SEISMIC MEASUREMENT IN TOKYO. I. 



91 



EW component 0.48s (deduced from 31 vibrations), 

NS „ 1.15s ( „ „ 29 „ ). 

After the preliminary tremor, the movements became very large 

and slow, the maximum being the following : — 

Max. 2a =17 mm, !T =2.8s ; T=19.0 mm/ R> ^4= 12.7 "»m/ fl , 

Other waves had still longer periods. The average period, deduced 

from 11 undulations in the end part of the EW component, was 6.5s. 
Vertical motion. Duration = 0m. The motion consisted of extremely 

small slow undulations. The preliminary tremor lasted for abotit IOO3, 

when the following maximum took place : — 

Max.2a = 1.5mm, !T o =0.31s; V= 15.2 mm/ s A^308 ™™/»* 

The maximum was single and well defined, all the rest Inking small 

and irregular. 

Eqke No. 183. April 18,1889 ; 2.54.11 p.m. 

A tremor observed at the Cent. Met. Observatory. 

The earthquake was also felt at the Miura District, province of 
S« garni. 

Eqke No. 184. April 18,1889 ; 3.39.8 p.m. 

Observation at the Cent. Met. Obsewatory : - 
Direction. SE-NJV. 
Max. H.M. 0.3mm(period = 0.9s). 
Character. Gentle. 

Area of disturbance. The land area of disturbance was 1410 sq. ri 
and extended over the following 11 provinces : — Izu, Shimosa, Sagami, 
Musashi, Kazusa, Awa, Suruga(eastern part), Kai (eastern part), Kotsuke 
(south-eastern portion), Shimotsuke (southern portion*, Hitachi (southern 
portion). The intensity was weak or slight, the motion being generally 
slow and horizontal. In Oshima, the shock was felt very slightly. 
Hongo. 

Horizonttil motion. Duration = 60s. The motion, which occurred 



Observation at the Cent. Met. Observatory : — 
Duration. 50s. 
Direction. SW-NE. 
Max.H.M. 0.2 nun (period O.faj. 
Character. Gentle. 

Etjke No. 189. April 19,1889 ; 5.50.39 p.m. 

Observation at the Cent. Met. Observatory : — 

Duration. 90a. 

Direction. E-W. 

Max.H.M. (1.2mm (periocl = H.(is). 

Max.V.M. A'ery small. 

Character. Gentle. 



E<,h- Ay. l.'Mi. April 19,1889 ; 10.53.55 p.m. 
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Observed as a tremor at the Cent. Met. Observatory. 
Hongo. 

Duration = 50s. This was a very small earthquake whose motion 
consisted of gentle vibrations, chiefly in the NS direction. 
Max.2a = 0.2 mm, T =l.ls ; K=0.6 mm/ 8> .4 = 3.3 mm/ 8 2 
The average period, deduced from 13 vibrations in the NS compo- 
nent, was 1.0s. 

Eqlce No. 191. April 20,1889 ; 4.50.33 p.m. 

A tremor observed at the Cent. Met. Observatory. 

Eqlce No. 192. April 28,1889 ; 3.7.43 a.m. 

Observation at the Cent. Met. Observatory : — 
Duration. 30s. 
Direction. E-W. 
Max. H.M. Small. 
Max. V.M. Very small. 
Character. Gentle. 
Hoiujo. 
Duration = 60s. 

Max. 2a = 0.2mm, 7 T C = 0.67s ; K=0.9 mm/ s ^ = 8.8 ™»/k.? 

Eqlce No. 193. April 29,1889 ; 1.56.28 a.m. 

Observation at the Cent Met. Observatory : — 
Duration. 20s. 
Direction. E- W. 
Max. H.M. Small. 
Max. V.M. Very small. 

Ayfe .Vo. 194. May 6,1889 ; 11.41.41 p.m. 

Observation at fhe Cent. Met. Observatory : — 
Duration. 60s. 
Direction. NEN S WS. 



Mas. V.M. Very small. 
Character. Gentle. 



Eqke. No. 196. May 8,1889 ; 0.24.7 p.m. 

A tremor observed at the Cent. Met. Observatory. 

Eqke No. m. May 12,1889 ; 10.42.11 a.m. 

Observation at the Cent. Met. Observatory :— 

Duration. 120s. 

Direction. SES-Nlf'N. 

Mux. H.M. 0.6mm (period=2.0s). 

Character. Gentle. 

Area iif'tlinturlxniei: The earthquake was the greatest which happen- 
ed since the winter of 13S4, and which originated in central Japan, thr- 
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disturbance extending over the whole tract between Shimotsuke and 
Musashi on the north-east, and Bitchu, Awa and Sanuki on the west. 
The total land area of disturbance was 4800 sq. ri and included the follow- 
ing 37 provinces : — Mino, Owari, Ise, Mikawa, Totoini, Omi, Iga, Yama- 
shiro, Wakasa, Echizen, Hida, Suruga, Kai, Izu, Sagami, Mus*ishi, Shi- 
mosa (northern portion \ Shimotsuke south-western portion), Kotsuke 
(southern portion), Shinano (southern part), Etchiu (southern pait), Shima, 
Kii, Taraato, Izumi, Kawachi, Settsu, Tanba, Tango, Awaji, Tajitna (east- 
ern portion), Harima (eastern part), Bizen, Bitchu (eastern portion), 
Sanuki (eastern part), Awa (eastern part). The area of strong motion was 
1500 sq. ri and included the following provinces : — Mino (southern part), 
Owari, Mikawa, Totomi, Suruga (western portion), Shinano (south-west- 
ern portion), Ise (northern part;, Iga (northern part), Omi, Tamashiro 
(eastern part), Tanba (eastern portion), Wakasa (eastern part), Echizen 
(southern part), Hida (southern portion); the shock being especially 
severe in the area of 220 sq. W, which included Mino (southern part), 
Owari (northern part). The area of weak motion, within which the 
shock was distinctly felt, was 1630 sq. ri and extended over Echizen 
(northern portion), Kaga (southern part), Hida ^central part), Shinano 
(central portion), Suruga (central part), Kai (western part), Shima, Ise 
(southern portion), Iga (soutliern portion), Kii (eastern portion), Yamato, 
Kawachi, Izumi (eastern part), Tamashiro (western portion), Settsu (east- 
ern part), Tanba (central part , Wakasa (western portion), Tango (eastern 
portion). Finally the area of slight motion, within which the shock was 
just sufficiently intense to be felt, was 1670 sq. ri and extended over Kaga 
(northern part , Etchiu (southern part , Hida (northern portion), Shinano 
(northern part), Kotsuke (southern portion), Shimotsuke (south-western 
portion), Shimosa (northern portion), Musashi, Sagami, Izu, Suruga (east- 
ern portion), Kai (eastern portion), Kii (western part}, Izumi (western 
part), Awaji, Settsu (western portion), Tanba (western portion), Tango 
(western part), Tajima (eastern portion), Harima (eastern part), Bizen, 
Bitchu (eastern portion), Sanuki (eastern part), Awa (eastern part). In 
the meisoseismal area the motion was so violent that some damage was 



District) some pendulum clocks stopped. In Aichi District, in the pro- 
vince of Owari, pendulum clocks facing A" or A' were stopped. 
Homju. 

Duration = 120s. The earthquake, which begun very gently, con- 
sisted of regular slow vibrations ; there being no vertical motion. 

Max. 2a =0.5 mm, T =1.16s; F=1.6 "•>"/», ^t=8.2 ">'»/„.' 

The average period of vibration was as follows : — 

E W component 1.24s (deduced from 10 vibrations). 

KS 1.14s ( „ „ 08 „ ). 

In earthquakes of this character, the amplitude remains, with some 
alternations of maximum and minimum groups, nearly constant for a 
i-onsiderable length of time and does not decrease so rapidly as in those 
earthquakes, whose motion is irregular and is superposed with ripples 
«r entirely made up of these latter. 

Eqh- An. /.'«. May 17, 18HS1 : V>M',t.ir> a.m. 
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A tremor observed at the Cent. Met. Observatory. 

Eqke No. 199. May 17, 1889 ; 8.34.25 a.m. 

A tremor observed at the Cent. Met. Observatory. 

Eqke No. 200. May 17, 1889 ; 9.20.35 a.m. 

A tremor observed at the Cent. Met. Observatory. 

Eqke No. 201. May 17, 1889 ; 9.39.37 a.m. 

A tremor observed at the Cent. Met. Observatory. 

Eqke No. 202. May 17, 1889 ; 1.46.32 p.m. 

Observation at the Cent. Met. Olmrvatory : — 
Duration. 30s. 
Max.H.M. Small. 
Hongo. 

The motion was very small. 

Eqke No. 203. May 20, 1S89 ; 0.23.30 p.m. 

A tremor observed at the Cent, Met. Observatory. 

Eqke No. 204. May 27, 1889 ; 6.22.56 p.m. 

Observation at the Cent. Met. Obsei'vatory : — 
Duration. 120s. 
Direction. E- W. 
Max. H.M. Very small. 

EqJce No. 205. May 28, 1889 ; 5.26.22 a.m. 

Observation at the Cent. Met. Observatory : — 
Duration. 15s. 
Direction. E-W. 
Max. H.M. Small. 



Eqke No. 206. May 28, 1889 ; 7.4.55 a.m. 



Vertical motion. Duration = 90s. 

Max. 2a = 0.06 mm, 7;=0.32s; V=0.6 >"«"/„, ^ = 11.6 mm fa 



Eqte No. 1208. June 1, 1889 ; 6.15.21 p.m. 

Observation at the Cent. Met. Observatory :— 
Duration. 25a. 
Direction. E- If. 
Mas. H.M. 0.2 mm (period=0.5s). 
Character. Gentle. 
lion/jo. 

Duration — 50s. This was a very small earthquake, whose motion 
was nearly equal in the two horizontal directions. 

E,,h- An. •-'<>.'/. June 8, 1889 ; 1.51.30 p.m. 

Ohsened as a tremor at tlie Cunt. Mel. (Hm-rriiiiwif. 
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Hongo. 

The motion was very small. 

Eqke No. 210. June 3, 1889 ; 2 p.m. 
Hongo. 

The motion was very small. 

Eqke No. 211. June 14, 1889 ; 0.26.41 p.m. 

Observed as a tremor at the Cent. Met. Observatory. 

Eqke No. 212. June 15, 1889 ; 10.10.2 a.m. 

Observation at the Cent. Met. Observatory : — 
Duration. 50s. 
Max. H.M. Small. 
Character. Gentle. 
Hongo. 

Duration 80s. This was a small earthquake, whose motion was 
nearly equal in the two horizontal directions and consisted of regular 
slow vibrations ; there being no vertical component. The maximum 
recurred at the commencement. 

Max.2a = 0.14mm, T o = 0.84s; V=0.5™m/ S , A = 3.9 
The average period, deduced from 17 vibrations in the NS compo 
nent, was 0.88s 

Eqke No. 213. June 16, 1889 ; 2.31.24 p.m. 

Observation at the Cent Met. Observatory : — 
Duration. 30s. 
Direction. SE-NW. 
Max. H.M. Small. 
Character. Quick. 
Hongo. 

Horizontal motion. Duration = 1 5s. 
Max 2a=0.1mm. 



< 



EiV component 0.20s(deduced from 19 vibrations), 

NS ., 0.20s( „ „ 18 „ ). 

The average period of the regular waves in the end portion was 
0.55s (deduced from 51 vibrations in the EW component). 

Vertical motion. Duration — 70s. The motion, which was maximum 
at the commencement, consisted of a series of smalt quick vibrations 
decreasing gradually. 

Max.2a= 0.06mm, r o =0.19s; r=1.0n»»/ a , A^M^/^. 

Towards the end, the vibrations became slow ; the average period 
deduced from 32 vibrations being 0.57s. 

Eqlr No. 210. June 27,1889 ; 7.9.17 a.m. 

Observation at the Crttt. M'i. Olwreaforif: — 
Duration. 00s. 
Direction. E W. 
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Max. H.M. 0.5mm (period =2.5s). 
Cliaracter. Gentle. 
Hongo. 

Duration =J90s. Tbe motion, which occurred equally in the two 
horizontal components consisted of small slow vibrations and gradually 
attained the maximum, thence again very gradully diminishing There 
was no vertical motion. 

Max. 2a =0.2 mm, T =1.14s; F=0.6 mmfa ,,1 = 3.2 mm/ H .» 
The average period of vibration was as follows : — 

EW component 1.44s (deduced from 8 vibrations), 

NS „ 1.19s ( „ „ 86 „ ). 

Eqke No. 210. July 3,1889 ; 5.39.58 p.m. 

Observation at the Cent. Met. Observatory . — 
Duration. 40s. 
Direction. E- W. 
Max. H.M. 0.3mm(period=0.5s). 
Max. V.M. Very small. 
Character. Quick. 
Homjo. 

Duration = 30s. The motion, which was almost entirely in the EW 
direction, began with the maximum vibration, the subsequent portion 
consisting of extremely small movements. Towards the end, the motion 
became regular. There was no vertical motion. 

Max. 2a = 0.24mm. 

In the EW component, the average period of the earlier ripples, 
deduced from 19 vibrations, was 0.20s, while that deduced from 13 
vibrations in the end portion was 0.43s. 

Ejh> No. 217. July 5,1889 ; 6.22.31 p.m. 

A tremor observed at the Cent. Met. Oltffervatory. 



Eqke No. 218. July 5,1889 ; 8.57.9 p.m. 



Eqke No. 220. July 30,1889 ; 2.3.40 a.m. 

Observation at tlie Gait. Mel. Obssroatorff : — 
Duration. 10s. 
Direction. E W. 
Max. H.M. Small. 
Character. Gentle. 
Hongo. 

DurutioQ — 15a. This was a very small earthquake of the same 
character as the preceding. The vertical motion was extremely small. 

Max.2ft=0.1mm, r o =0.25s; F=1.3 mm/,,, A =31.6 mm/*. 

The average period was in tha earlier part 17s (deduced from 10 
vibrations , and towards the. end 0.44s (deduce;! from fi vibrations). 



m w 



n 
+ 



+ 

/I 



s 




fir 







m 

I 
± 
ft 

T 
@ 




rfl 



At 



ffl 



± 
ft 




! i 

;< > < 

■:- f 

( il 

.!■ ft 

ft 



PUBLICATIONS 

»•!•' TI:F. 

(fartbcjuahe Sfnbestigation (Committee 

FOREIGN LANGUAGES, 
nsro. 11. 

TOKYO. 1902. 



PUBLICATIONS 

i >k r i nr. 

(£artbquahe x^nbestigation (Committee 

IN 

FOREIGN LANGUAGES. 

IN"0. 11. 

TOKYO. 1902. 



PUBLICATIONS 

OK THE 

(Sartbqiuthc Inbcstiptian (&m\\mtttt 

IN 

FOREIGN LANGUAGES. 



TOKYO, 1902. 



MACRO-SEISMIC MEASUREMENT IN TOKYO. 

II and III. 

BY 

R Omom, D. Sc., 

Member of the Imperial Earthquake Investigation Committee. 



CONTENTS 



Pagb. 

PREFACE. i 

Macro-seismic Measurement in Tokyo, II.— Summary of the Results 

of the Observations in Tokyo, between Sept. 1887 and July 1889. 





(Witli Jrl. 1 and 1JLJ ±>y 1?. Umori. 




1. 


List of the Earthquakes 


1 


2. 


Distribution of the Earthquake Origins 


7 


8. 


Origins and Areas of Disturbance of the different earthquakes 


8 


4. 


Radii of Propagation and Distances of the Earthquake Origins from 
^Tokyo. ... ... ... ... ... ... ... ... ... ... ... ... ... 


26 


5. 


Tabular Statement of the Results of the Earthquake Measurements. ... 


29 


6. 


Summary of the Observations at Hitotsubashi 


51 


7. 


Summary of the Observations at Hongo 


58 


8. 


Comparison of Earthquake Motion at Hitotsubashi and at Hongo. 


57 


9. 




60 


10. 


Period of Earthquake Vibration at Hitotsubashi 


68 


11. 


Period of Earthquake Vibration at the Central Meteorological Ob- 


65 


12. 


Direction of Earthquake Motion 


66 


18. 


On the Amplitude of Vibration and the Duration of Earthquake 


66 



Macro-seismic Measurement in Tokyo, III.— (With Pi. in and 

IV.) By F. Omori. 

1. Introduction 79 

2. Strong Earthquakes observed at Hitotsubashi and Hongo 79 

8. Strong Earthquakes observed at the Central Meteorological Ob- 
servatory 87 

4. Seismographioal Observations at the Central Meteorological Observa- 

torV) 1885 - 1897. ... ••« ... ... ... . .. ... ... ... ... 92 



preface: 



The following pages constitute the second and third reports on 
the Tokyo Macro-seismic Measurement. Part II is a discussion 
of the results of the Observations between Sept. 1887 and July 1889, 
given in the Publications, No. 10 ; while Part III contains some 
miscellaneous notes on the seismographical observations between 1884 
and 1898. 



The abbreviations used in the description of the seismograms are 
as follows : — 

II. M Horizontal motion. 

V. M Vertical motion. 

2a Range of motion (double amplitude), in 

mm. 

Max. 2a Maximum range of motion, in mm. 

T Period (complete) of vibration, in second. 

T D .... Period (complete) of vibration cor- 

responding to max. 2a, in second. 

2/ia 

V =th— = Maximum velocity. 

A = til f = Maximum acceleration. 

o 



* The reader is also referred to the Publications, No. 10, pp. i -v. 



Macro-seismic Measurement in Tokyo. II. 

Summary of the Results of the Observations in Tokyo, 
between Sept 1887 and July 1889. 

By 

F. OMORI, D. Sc., 
Member of the Imperial Earthquake Investigation Committee. 

1. List or the Earthquakes. 

Table I gives the dates and times of occurrence of the 220 
earthquakes observed, with the exception of the first nine, between 
Sept. 1887 and July 1889 at the following three stations in Tokyo : — 

Hongo (Seismological Institute), 

Hitotsubashi, 

Central Meteorological Observatory. 
The Seismological Institute is situated on the higher part of 
Tokyo, where the ground is hard and consists of loam. On the other 
hand, the ground at Hitotsubashi, which was marshy till recent times, 
is soft, water being already met with at a depth of 2 or 3 feet. These 
two places are, therefore, to be regarded respectively as examples of 
a solid natural ground and a very shaky soil. Again the old castle 
ground, on which the Central Meteorological Observatory is situated, 
is surrounded by solid high masonry walls, rising about 22 metres 
above the waters of the moats with which the latter are encircled. As 
the site of the castle was originally marshy, we have here a case of 
highly solid made-ground. 



2 



F. OMORI : 



Of the 220 earthquakes, numbered in order of date and divided 
into seven groups I to VII according to the position of the origins 
(see § 2), 6 were felt strongly in Tokyo, while 69 were mere tremors 
or very slight shakings whose range of motion was too small to be 
accurately measured from the seismograins. The number of the 
earthquakes observed only in Tokyo was 96, these being for the 
most part small local shocks. On the other hand, 19 earthquakes 
were very extensive, the mean radii of propagation being in each case 
greater than 200 km. 
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TABLE I. — LIST OF EAKTHQUAKES OBSEEVED 

IN TOKYO. 



Sept. 1887 -July 1889.* 



Xo. 


Group. 


Date. 


Time of 
occurrence. 


Xo. 


Group. 


Date. 


Time of 
occurrence. 


1 


vn 


Sept. 26th, 1885 


0. 


30. 





pm. 


31 


I 


Dec. 


17th, 1887 


11. 


41. 


14 pm. 


2 


V 


July 2nd, 1886 


0. 


33. 


6 


pm. 


32 


I 


ii 


19th, 1887 


6. 


0. 


12 pm. 


3 


in 


Dec. 


26th, 1886 


5. 


48. 


5 


pm. 


33 


I 


ii 


21st, 1887 


2. 


5. 


55 pm. 


4 


V 


June 20th, 1887 


8. 


38. 


30 


am. 


34 


VI 


ii 


24th, 1887 


4. 


9. 


41 am. 


5 


in 




22nd, 1887 


7. 


42. 


39 


am. 


35 


I 


ii 


„ 1887 


« • 


51. 


38 am. 


6 


? 


•• 


30th, 1887 


8. 


0. 


35 


am. 


36 


I 


ii 


27th, 1887 








7 


IV 


July 2nd, 1887 


3. 


16. 


24 


pm. 


37 


II 


ii 


3 1st, 18S7 


1. 


24. 


45 am. 


8 


? 


»» 


11th. 1887 


3. 


7. 


42 


pm. 


38 


II 


Jan. 


1st, 1888 


3. 


31. 


38 pm. 


9 


VI 


»• 


22nd, 1887 


8. 


27. 





pm. 


39 


V 


ti 


llth, 1888 


8. 


50. 


36 am. 


10 


IV 


Sept. 2nd, 1887 


5. 


52. 


49 


pm. 


40 


I 


ii 


13th, 1888 








11 


IV 


»» 


3rd, 1887 


4. 


50. 


30 


am. 


41 


I 


ti 


14th, 1888 


5. 


31. 


55 pm. 


12 


r 


»» 


4th, 1887 










42 


V 


•i 


27th, 1883 


10. 


5. 


33 am. 


13 


V 


»• 


5th, 1887 


3. 


23. 


23 


pm. 


43 


V 


Feb. 


2nd, 1888 


1. 


15. 


15 pm. 


14 


in 


t» 


6th, 1887 










44 


V 


ii 


1888 


2. 


23. 


46 pm. 


15 


V 


ii 


8th, 1887 


3. 


55. 





pm. 


45 


V 


•i 


1888 


3. 


0. 


14 pm. 


16 


i 


ii 


llth, 1887 


9. 


20. 





am. 


40 


V 


» i 


2nd, 1888 


3. 


41. 


27 pm. 


17 


in 


ii 


13th, 1887 


8. 


16. 


52 


pm. 


47 


I 


ii 


3rd, 1888 


2. 


31. 


56 pm. 


18 


IV 


i« 


15th, 1887 


4. 


41. 


41 


pm. 


48 


VI 


ii 


5th, 1888 


0. 


50. 


56 pm. 


19 


V 


ii 


33th, 1887 


8. 


56. 


11 


am. 


49 


III 


•i 


10th, 1888 


3. 


26. 


55 pm. 


20 


ii 


Nov. 


15th, 1887 


3. 


54. 


51 


pm. 


50 


II 


ii 


., 1888 


6. 


38. 


7 pm. 


21 


IV 


•i 


2tth, 1887 


0. 


3. 


45 


pm. 


51 


I 


ii 


llth, 1888 


3. 


38. 


56 pm. 


22 


i 


ii 


23rd, 1887 


6. 


5. 





pm. 


52 


I 


ii 


13th, 1888 


11. 


33. 


44 am. 


23 


V 


i» 


30th, 1887 


9. 


24. 


18 


am. 


53 


II 


ii 


15th, 1888 


3. 


43. 


38 pm. 


24 


i 


Dec. 


5th, 1887 


0. 


57. 


16 


pm. 


54 


V 


•i 


17th. 1888 


0. 


16. 


17 pm. 


25 


i 


II 


8th, 1837 


8. 


3. 





pm. 


55 


V 


ii 


18th, 1888 


6. 


13. 


45 pm. 


2G 


i 


If 


llth, 1887 


9. 


55. 


47 


pm. 


56 


VI 


i» 


22nd, 1 888 


10. 


24. 


28 am. 


27 


i 


II 


14th, 1887 


10. 


55. 


9 


pm. 


57 


I 


»> 


,, 1888 


11. 


10. 


50 pm. 


28 


ii 


II 


16th, 1887 


8. 


28. 


21 


am. 


58 


I 


*• 


24th, 1888 


2. 


7. 


6 am. 


29 


n 


II 


17th, 1887 


0. 


17. 


8 


am. 


59 


II 


March 1st, 1888 


3. 


30. 


15 pm. 


30 


ii 


It 


m 1887 


C. 


17. 


22 


aui. 


GO 


II 


ii 


1888 


9. 


54. 


12 pm. 



* The times are given in the First Standard Japan Time, or that of Long. 135 3 E. 
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vjtroup. 


Date. 


Time of 
occurrence. 




VJI IVUUi 


Date. 


Time of 
occurrence. 


131 


V 


Nov. 


20th, 1888 


0. 


53. 


29 am. 


166 


I 


March 3rd, 


1889 


4. 35. 19 pm. 


132 


I 


•» 


22nd, 1888 


1. 


27. 


43 pm. 


167 


I 


tt 


4th, 


1889 


7. 24. 25 am. 


133 


I 


» 


23rd, 1888 


5. 


13. 


30 pm. 


168 


I 


i » 


18th, 


1889 


6. 41. 12 am. 


134 


VI 


t> 


21th, 18S8 


2. 


3. 


23 am. 


169 


IV 


ti 


2l8t, 


1889 


6. 9. 23 pm. 


135 


I 


!• 


25th, 1888 


4. 


50. 


15 pm. 


170 


I 


ii 


26th, 


1889 


2. 41. 48 pm. 


136 


I 


JJcC 


Inf. 1 QQQ 








171 


IV 


» 


28th, 


1 QQQ 


1. 20. 10 am. 


137 


IV 


>• 


3rJ, 1888 


0. 


24. 


47 pm. 


172 


V 


>» 


it 


1889 


10. 22. 55 am. 


138 


VI 


tt 


6th, 1838 


7. 


27. 


42 am. 


173 


V 


it 


ti 


1889 


7. 18. 23 pm. 


139 


I 


>• 


16th, 1888 


4. 


19. 


3 Mm. 


174 


V 


ii 


3 1st, 


1889 


6. 42. 15 am. 


140 


I 


tt 


21st, 1888 








175 


I 


i« 


»• 


1889 


8. 13. 3 am. 


141 


I 


»t 


OQfh 1QQQ 


3. 


23. 


4 am. 


176 


V 


i« 


31st, 


1 QQO 


5. 59. 42 pm. 


142 


III 


Jaa. 


1st, 1889 


3. 


4. 


50 pm. 


177 


IV 


April 


3rd, 


1889 


4. 27. 21 pm. 


143 


II 


t* 


1st, 1889 


7. 


5. 


80 pm. 


178 


IV 


it 


it 


1889 


4. 40. 51 pm. 


144 


V 


»t 


3rd, 1839 


7. 


58. 


6 am. 


179 


II 


ii 


6th, 


1889 


7. 40. 13 pm. 


145 


I 


»» 


5th, 1889 








180 


II 


it 


8th, 


1889 


0. 48. pm. 


146 


I 


>t 


Tf Vi 1 QQQ 
/til, lOO«7 








181 


II 


n 


14th, 


1 QUA 

Ioo9 


5. 22. 54 am. 


147 


V 


it 


12th, 1889 


8. 


34. 


3 pm. 


182 


IV 


it 


• All 

18th, 


1889 


2. 7. 41 pm. 


148 


I 


it 


13 th, 1889 








183 


I 


it 


•i 


1889 


2. 54. 11 pm. 


149 


I 


>i 


*^§Mm a % «1 ********** 

27th, 1889 


2. 


28. 


47 pm. 


184 


vu 


ti 


it 


1889 


3. 39. 8 pm. 


150 


I 


it 


29th, 1889 








185 


I 


it 


ti 


1889 


4. 0. 1 pm. 


151 


I 


C GD. 


c4-Vi 1 QQO 

5tn, loot/ 


2. 


0*7 

27. 


89 pm. 


186 


n 


it 


19th, 




0. 18. 46 pm. 


152 


II 


ti 


9th, 1889 


7. 


41. 


38 am. 


187 


i 


it 


it 


1889 


2. 29. 19 am. 


153 


I 


ti 


15th, 1889 


5. 


14. 


3 pm. 


188 


n 


it 


ii 


1889 


3. 0. 27 pm. 


154 


IV 


»» 


18th, 1889 


6. 


9. 


32 am. 


189 


V 


it 


ti 


1889 


5. 50. 39 pm. 


155 


III 


ti 


„ 1889 


6. 


27. 


45 am. 


190 


i 


i» 


it 


1889 


10. 53. 55 pm. 


150 


III 


it 


1 R+h 1 SfW 

lObll, lOOt' 


ff 

7. 


VS. 


Da aill. 


191 


i 


ti 


20th, 


1 QQO 


4 50. 33 pm. 


157 


I 


it 


„ 1889 


8. 


2. 


am. 


192 


V 


ti 


28th, 


1889 


3. 7. 43 am. 


158 


in 


if 


„ 1889 


10 


10. 


50 am. 


193 


i 


it 


29th, 


1889 


1. 56. 28 am. 


159 


i 


t« 


19th, 1889 


2. 


57. 


43 pm. 


194 


n 


it 


6th, 


1889 


11. 41. 41 pm. 


160 


i 


it 


20th, 1889 


9. 


19. 


37 pm. 


195 


in 


May 


8th, 


1889 


5. 5. 34 am. 


161 


IV 


it 


2 let, 1889 


5. 


52. 


21 am. 


196 


i 


it 


8th, 


1889 


0. 24. 7 pm. 


162 


i 


it 


2lst, 1889 


8. 


19. 


23 am. 


197 


VII 


i> 


it 


1889 


10. 42. 11 am. 


163 


IV 


it 


21st, 1889 


11. 


1. 


14 am. 


198 


i 


it 


12th, 


1889 


6. 39. 15 am. 


164 


i 


it 


21st, 1889 


9. 


27. 


52 pm. 


199 


i 


•i 


17th, 


1889 


8. 34. 25 am. 


165 


i 


»• 


23rd, 1839 


11. 


27. 


21 pm. 


200 


i 


•i 


it 


1889 


9. 20. 35 am. 
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2. Distribution of the Earthquake Origins. 

PL I shows the geographical distribution of the origins of the 
earthquakes which were observed in Tokyo between Sept. 1887 and 
July 1889, each of the red points marking the position of a seismic 
epicentre ; except for Tokyo, where there were 96 local shocks, these 
being represented by a single sign (X)- 

The majority of the epicentres are grouped into five zones 
II, III, IV, V and VI (shaded in the map) whose boundaries have been 
determined by drawing free-hand curves through the mean positions 
of the broken lines connecting the successive outer-most points of 
each group.* The axes or lines drawn through the middle of these 
zones may be regarded as marking the weak places in the Kwanto 
provinces and under the sea to the north-east of the Honshiu, along 
which earthquakes disturbing Tokyo most frequently originate. 

Of the five zones, II coincides with a part of the Tone-gatva 
valley ; while III and IV extend, also in nearly the same direction, 
respectively from the south-eastern part of Shimosa to the north- 
western part of Musashi, and from the north of Kazusa to the centre 
of Kai. On the other hand the zone V is situated under the sea at 
a mean distance of about 55 km from the coast of Kazusa, Hitachi 
and Iwaki, to which it is parallel. VI is to be regarded as the 
northern continuation of V. Strong and large earthquakes most 
frequently originate from the zone V. 

PI. II shows the distribution of the origins of the earthquakes 
which happened between Sept. 1887 and July 1889 in Central Japau, 
but were not felt in Tokyo. The origins are grouped into six 
zones A, B, C, D, E and F. The last zone is really composed of 
two branches F t and F 2 joined normally to each other. C, D, and 



The zone VI is not indicated in the map. 



VII, „ of miscellaneous origins. 



3. Origins and Areas of Disturbance or the different earthquakes. 

In Table II, I give the data relating to the position of the origins 
and the areas of disturbance of the different earthquakes, arranged in 
the following order. — 

(1) Earthquake Number and Group. 

(2) Intensity of motion at epicentre, or, in case of a submarine 
origin, that at the most strongly shaken district ; the 
intensity for non-destructive earthquakes being distinguish- 

ed as strong, weak or sliglit.* 

• See the I'ublicatiinu, So. 10, p. iii. 
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(3) Latitude and longitude of the earthquake centre inferred in 
each case from the isoseismal lines. 

(4) Semi-major and semi-minor axes of the area of disturbance, 
which is generally more or less elliptical. In case of the 
area being nearly circular, the mean radius is given.* 

(5) The direction of the major axis of the area of disturbance. 

(6) Distance and direction of the earthquake origin from 
Tokyo. 

(7) Remark, giving short notes on the area of disturbance. 
The earthquakes not given in Table II are those recorded only 

in Tokyo. 



* The area means here the area within, which the seismic motion was sufficiently intense 
to be felt. 
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DISTUEBANCE OF THE EARTHQUAKES. 



Distance and direction of 
earthquake origin 
from Tokyo. 


REMARK 






S 71 E 


• 


4y Km, 




26 


>! 


S 


Observed only in Tokyo and at Kamakura. 


125 


>» 


S 85" E 


/ This was an extensive earthquake, the northward nnd the 
westward radii of the land area being respectively 400 and 360 

- km. The strong motion area was a sector of 1 10 and of radius 
154 km with the origin at the Inubozaki, while the violent 
motion area was a similar sector of radius 60 km. 


52 




N 77* E 




it 




190 


>> 


IN O Z ill 


A moderately extensive earthquake, the northward and the 
• WSW' ward radii of the land area being respectively 200 and 
k 190 km ; Tokyo on the SW corner of the area. 






N 50° W 




»> 




37 




S 74° E 




tt 




125 


tt 


N 77° E 


A. moderately extensive earthquake, the northward and the 
WSW ward radii of the land area being respectively 230 and 

1*^x1 fill l1 tf? ^\ tlT ^ Tfc # i • #■ T a - f • 

140 km ; Tokyo on the WSW edge. Motion felt strongly in a 
sector of 110 and of radius 49 km, with Inubozaki as centre. 


85 


I > 


N20°E 


The area was nearly circular. 


22 




S 30° E 




tt 




160 




N 78* E 


C The NNW and W radii of the land area were respectively 240 
(and 230 km. 


60 




S2r w 








55 




N 23° E 


The area was nearly circular. 


78 




N 29* E 


tt it »» 


43 




S 72* E 


»» »» »> 
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Distance and direction of 
earthquake origin 
from Tokyo. 


REMARK. 


68 


km. 


N40° E 


The area was nearly circular. 


80 


9f 


N13*E 


• 


160 


9» 


N75°E 


The area was moderately extensive. 


90 
107 




S 62' E 
N65°E 




tl 
»» 


r The land area of strong motion was nearly a semi-circle of 
radius 71 km and included Shimosa. southern Dart of Hitachi and 

. eastern portion of Musashi, Tokyo being on the WSW edge. The 
N and WSW radii of the area of disturbance were respectively 

(290 and 220 km. 


140 




N67*E 




ft 




130 


9t 


N69"E 


The N and W radii of the area of disturbance were respectively 
250 and 200 km. The area of strong motion was nearly a semi- 
. circle of radius 43 km and included the SE part of Hitachi and 
portion oi onimosa. ims eartnquajce was mucn similar to f 
out siignuy smaller tnan, AC[Ke. J>o. 49. 


600 
32 


V 
99 


N27*E 

N 68* E 


inis was a very extensive eartnquajre, wnicn snooic tne wnoie 
NE Japan, from Hokkaido down to the boundary of Echigo and 
. eastern portion of Kotsuke and of Musashi, the radius on SWS 
being 600 km. The motion was felt strongly in Hidaka, E portion 
of Iburi, E portion of Osbima, E half of Mutsu, Rikuchu, and NE 
portion of Rikuzen. 

The area of disturbance was nearly circular. 


60 


»» 


N54'E 


»» tt m 


44 




N 




ft 




95 
130 

390 




S 65* E 
E 

N38'E 




» 
99 

99 


r The land area of disturbance was a circular sector of radius 80 
t km, whose angle was 120°. 

. This was a very extensive earthquake, which shook the whole 
[ of NE Japan, from the SE part of Hokkaido down to the boundary 
J of Echigo and the eastern portions of Kotsuke and Musashi. 
1 The motion was felt strongly in the SE portion of Rikuchu, in 
1 Bikuzen and in the NE corner of Iwaki. The SWS radius of the 
area of disturbance was 390 km. 
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TABLE II. {Continued.) 



Earthquake. 


Intensity. 


Position of parthq. 
origin. 


Area of 
disturbance. 


Direction of the 
major axis. 


No. 


Group. 


Lat 


N. 


Long. E. 


Semi- 
major 

axis. 

(km) 


Semi- 
minor 
axis. 

(km) 


59 


ii 


Slight. 


36° 


8' 


139° 43' 


65 


65 




60 


ii 


Weak. 


36 


7 


139 50 


67 


57 


N 26° W-S 26° E 


61 


ii 


» 


36 


25 


139 58 


93 


93 




62 


IV 


Strong. 


35 


21 


139 10 


115 


115 




65 


ii 


>» 


36 


15 


139 57 


— 







69 


TT 


Slight. 


36 


o 


140 7 


60 






70 


III 

■I. .M. At 


Strong. 


35 


49 


139 31 








71 


V 


vv ean. 


36 


25 


141 


130 


67 




75 


II 


Slight. 


36 


5 


139 57 


59 


34 


N-S 


76 


II 


Weak. 


35 


57 


140 5 


69 


49 


N 10° W-S 10° E 


77 


V 


19 


36 


7 


141 








78 


II 


Strong. 


36 


4 


140 5 








79 


IV 


Weak. 


35 


33 


139 8 


75 


34 


E-W 


80 


V 


•> 


35 


40 


141 








81 


IV 


>* 


35 


33 


139 27 


40 


32 


E-W 



MACRO-SEISMIC MEASUREMENT IX TOKYO. II. 



15 



Distance and direction of 
earthquake origin 
from Tokyo. 


REMARK. 


53 kin, 


N 3"W 


The area of disturbance was nearly circular. 


51 


ft 


N 9* E 


This was very similar to No. 59. 


89 


» 


N15°E 


The area of disturbance was nearly circular. 


63 


if 


S 57° W 


( The area of disturbance was nearly circular ; the motion was 
(felt strongly in the W portion of Saga mi and E portion of Suruga. 


69 


ft 


N15°E 


r This was an extensive earthquake, whose ENE and WSW radii 
of propagation were respectively 260 and 220 km. The area of 
, strong motion was roughly a circle of radius 60 km and included 
the central and SW parts of Hitachi, S half of Shitnotsuke, E 
corner ot notsuKe, rh* nail oi Musasni, and i> w nan ot onimosa. 


52 


>y 


N4V E 


The area of disturbance was nearly circular. 


29 


ff 


IN 0\J VV 


' This was an extensive earthquake, the NEN and WSW radii of 
propagation being respectively 340 and 270 km. The area of 

. strong motion was an ellipse whose two semi axes were respectively 
130 and 87 km and the direction of whosi major axis was 
N 34° E-S 34° W. 


140 
48 
44 




N 52° E 
N 15° E 
N40° E 

N 66° E 




91 




»» 




120 


»» 
*» 


( The land area of disturbance was nearly a semi-circle of radius 
(82 km. 


56 




S 51° W 


' This was a large earthquake, the SW and NEN radii of propa- 
gation being respectively 180 and 350 km. The area of strong 
. motion was an ellipse, whose two semi-axis were respectively 66 
and 39 km, and who.se major axis was in the direction N 48° E- 
S 48° W. 


57 




S 78° W 




»» 




110 




E 




if 




32 




S 68° W 




»» 
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Distance and direction of 
earthquake origin 
from Tokyo. 



63 km S 85° W 



58 


99 


N52°E 


56 


99 


S 78°W 


52 


99 


S 77° W 


21 


99 


S 10° W 


51 


99 


N80* E 



280 



144 
100 

270 



110 
21 
23 



»» 



V 



99 



99 



w 



N75"E 
E 

N37°E 



130 „ N 58° E 



9> 



t9 



99 



w 
sw 

E 

NE 



REMARK. 



Felt strongly in the £ portion of Kai. 

The land area of disturbance was nearly a semi-circle of radius 
128 km with Mito for the centre. The motion was felt strongly in 
the NE part of Shimosa and S portion of Hitachi. 

The motion was felt strongly in the E portion of Kai and N part 
of Sagami. 

{This earthquake was very similar to No. 84. The motion was felt 
strongly in the E portion of Kai and N part of Sagami. 

This was a very small eathquake. 



Tokyo was at the E end of the major axis. 

This was an extensive earthquake, whose iso-seismals were 
similar to those of Mino-Owari eqke of Oct 28th, 1891. The E, 
N and SW radii of propagation were respectively 220, 107 and 166 
km ; Tokyo being at the eastern end of the shaken area. The 
origin was in the NW part of Mino, and the area of strong motion 
was an irregular ellipse whose two semi-axes were respectively 74 
and 34 km, the major axes being parallel to the direction N 56* W- 
b 5b° E. 

( The land area of disturbance was 150 km in length and 90 km 
fin breadth. 

The area of disturbance was nearly circular, Tokyo being on 
the W boundary. 

This was a large earthquake, whose disturbed land area was 410 
km long and 120 km wide, and extended from the S parts of Riku- 
chu and Ugo to the NE part of Musashi. The area of strong 
motion included nearly the whole of Rikuzen and Iwaki and 
eastern portion of Iwashiro. 



{ 



The N and W radii of propagation were respectively 210 and 
190 km, Tokyo being on the WSW edge of the area. The motion 
was felt strongly at a central portion of the coast of Hitachi. 
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TABLE II. (Continued.) 



Earthquake. 


Intensity. 


Position of earthq. 
origin. 


Area of 
disturbance. 


Direction of the 
major axis. 


No. 


Group. 


Lat. 


if. 


Long. E. 


Semi- 
major 

axis. 

(km) 


Semi- 
minor 

axis. 

(km) 


118 


Ill 










72 


30 


N 70' W-S 70° E 


119 


III 


Slight 


35° 


42' 


140* 5 


34 


19 




191 


TTT 
111 


Weak. 


36 


6 


139 11 


51 


38 


N 12* E-S 12* W 


122 


V 


Strona. 


36 


20 


141 9 


190 


180 




123 


11 


99 


36 


11 


139 32 


120 


90 


N 40° E-S 40° W 


124 


III 


Slight. 


35 


48 


140 


32 


16 


N 48* E-S 48" W 


125 


III 


Strona 


35 


39 


140 22 


92 


92 




126 


IV 


Weak. 


35 


34 


140 10 


44 


44 




131 


V 


99 


36 


30 


141 30 


— 


— 




134 


VI 


Strang. 


38 


20 


143 


— 


— 




137 


IV 


Weak. 


35 


25 


140 5 


41 


23 


N 70* W-S 70* E 


138 


VI 


Strong. 


38 


30 


142 13 








142 


III 


Weak. 


35 


54 


139 31 


98 


68 


N 70° E-S 70° W 


143 


II 


Strong. 


36 





139 51 








144 


V 


Weak. 


35 


20 


141 5 
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Distance and direction of 
earthquake origin 
from Tokyo. 



It A MARK. 



68 Ion, E 

30 „ N 80° E 

52 „ N 12' E 

150 „ N61*E 

62 „ N22'W 



26 

53 

38 
190 

430 



41 



380 



29 



38 



126 



»» 



it 



if 



N48*E 
E 

'S 75° E 
N58°E 

N45°E 



S45* E 



N35°E 



N18°W 



N 8°E 



S 75° E 



ITbis was an earthquake of moderate extension, whose land area 
extended from the SE part of Rikuzen to the NE part of Sagami. 
The motion was felt strongly at Inubo-zaki and XE corner of 
Hitachi. 

SThe shock was felt strongly in a limited area in the Saitama and 
Osato Districts of Musashi. 



J The earthquake was moderately extensive, the area being an 
irregular circle. The motion was felt strongly in a narrow 
elliptical area whose two axes were respectively 75 and 22 km and 
1 which extended, in direction N 22° W-S 22° E, from the X part of 
iKazusa to the middle portion of Shimosa. 

The area of disturbance was nearly circular. 

( This was a large earthquake, whose land area was 270 km long 
(and SO km wide, Tokyo being on the SW edge. 

This was a very large earthquake, whose land area was 1100 km 
long and 90 km wide, and extended from the middle of Hokkaido 
down to the eastern portion of Sagaini. The motion was felt 
strongly along the coast of Rikuzen and X portion of Iwaki. 



This was an extensive earthquake, whose X, WNW* and SWS 
radii of propagation were respectively 190, 230 and 390 km, Tokyo 
being at the SWS extremity of the area. The motion was felt 
strongly along the coast, between Miyako and the mouth of the 
Abukuma-tfaira, the width of the zone being 27 km. 



This was an extensive earthquake, whose XEX, 8W and WXW 
radii of propagation were respectively 260, 180 and 150 km. The 
motion was felt strongly in an elliptical area whose two axes were 
respectively 1 55 and 106 km and whose major axis was in the 
direction N 47* E-S 47° W. 

The land area was 140 km long and 77 km wide. 
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TABLE II. (Continued.) 



Earthquake. 


Intensity. 


Position of earthq. 
origin. 


Area of 
disturbance. 


Direction of the 
major axis. 


Ko. 


Group. 


Lat. X. 


Long. E. 


Semi- 

• 

mnjor 
axis, 
(km) 


Semi- 

• 

minor 
axis, 
(km) 


147 


V 


Weak. 


35° 


44' 


141° 5' 


110 


110 




152 


II 


99 


35 


58 


139 55 


56 


34 


N 30° W-S 30° E 


154 


IV 


Strong. 


35 


24 


139 51 








A.OO 


TTT 


Weak. 


35 


58 




87 


87 




156 


III 


Slight 


35 


51 


139 46 


80 


80 




158 


ni 


Weak. 


36 





139 30 


80 


80 




161 


IV 


» 


35 


24 


139 34 


46 


29 




163 


IV 


Strong. 


35 


27 


139 26 


46 


36 


N 51* E-S 51° W 


169 


rv 


Slight. 








27 


19 




171 


IV 


Strong. 


35 


34 


139 47 


200 


115 




172 


V 




36 





141 








173 


V 


Weak. 


36 





141 30 








174 


V 


Strong. 


36 


16 


141 23 








176 


V 


>» 


36 


40 


141 30 








177 


IV 


»» 


35 


27 


139 46 


150 


90 


N 23° W-S 23° E 
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Distance and direction of 
earthquake origin 
from Tokyo. 



118 km, E 
34 „ N20°E 



29 



40 



44 
35 

41 



115 



162 



160 



195 



23 



99 



99 



99 



99 



99 



99 



99 



99 



99 



S 15° E 



N36°W 



21 „ N 7°W 



N35°W 
S 35° W 

S 53° W 

SWS 



N70°E 



N78°E 



N62°E 



N54°E 



S 



REMARK. 



This was a large earthquake, whose NEN and W8W radii of 
propagation were respectively 425 and 300 km, the origin being 
in Tokyo Bay. The radius of the strong motion area was 135 km 
L and that of the violent motion area 48 km. 

The area was nearly circular. 



»» 



»» 



»» 



»» 



>» 



SThis was a small earthquake, felt strongly in the E part of 
Sagami. 

The origin was probably in the Tokyo Bay. 

' This was an extensive earthquake, whose S W and NE radii of 
propagation were respectively 100 and 800 km ; the origin being 
in the immediate vicinity of Tokyo. The area of strong motion 
was an ellipse whose two axes were respectively 130 and 57 km, 
,and whose major axis was in the direction X 63° E-S 63° W. 



This was an extensive earthquake, whose NE and SW radii of 
propagation were each 225 km. The motion was felt strongly in a 
small elliptical area (axes 64 and 23 km) about the lnoutih of the 
Tone-gawa. 

( The land area was 360 km long and 180 km wide. This earth- 
\ quake was much similar to No. 172, except that the intensity was 
Uess. 

An extensive earthquake, whose N and SWS radii of propa- 
gation were respectively 270 and 330 km, the land area being 510 
km long and 170 km wide. The area of strong motion was a narrow 
zone, 155 km long and 22 km wide, which extended from the SE 
corner of Iwaki down to the NE corner of Shimosa. 

I An extensive earthquake, whose N and SW radii of propagation 
were respectively 330 and 300 km, the land area being 450 km 
long and 170 km wide. The motion was strong in the S portion of 
Iwaki and in the NE portion of Shimotsuke. 

{The motion was felt strongly along the western coast of the 
Tokyo Bay between Tokyo and Yokohama. 
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TABLE II. (Continued.) 



Earthquake. 


Intensity. 


Position of earthq. 
origin. 


Area of 
disturbance. 




No. 


Group. 


Lat. X. 


Long. E. 


Semi- 
major 
axis, 
(km) 


Semi- 
minor 
axis. 

(km) 


Direction of the 
major axis. 


• 178 


IV 


Slight. 


35* 


26' 


139° 51' 


48 


28 


N 70°W-S 70° E 




Tf 

j. j. 


Weak. 


36 


10 




100 


80 


N 38 E-§ 3S W 


180 


ii 


»» 


36 


11 


139 38 


104 


79 


JN 4z ili-b 4Z W 


181 


ii 


blight. 








57 


36 


N 4d E-S 43 W 


182 


IV 


oiTong. 


35 


42 


139 12 


160 


160 




184 


VII 


Weak. 


35 





139 25 


120 


120 


• 


186 

X\J\J 


IT 


Slight. 














188 


II 


»> 


36 


5 


HO 


55 


40 


N 40° E-S 40" W 


180 

Aw 


v 




37 





142 








192 


V 


Strong. 


36 


25 


141 


150 


150 


• 


194 


II 


• 

Slight. 


36 





140 20 


70 


70 




195 


III 




35 


46 


140 7 


81 


37 


N 23° W-S 23° E 


197 


VII 


Violent. 


35 


28 


136 57 


310 


157 


N 70" E-S 70° W 


203 


V 


Slight. 












N 30° E-S 30° W 


207 


V 










137 


77 


N 38° E-S 38* W 
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Distance and direction of 
earthquake origin 
from Tokyo. 



26 km, S 10* E 



58 
59 
53 
120 



74 

55 
260 

137 



60 
37 

260 

160 



99 



99 



99 



If 



99 



99 



99 



99 



99 



N 8'E 
N 13° W 
N43"E 
S 30" W 



S 23° W 

N40"E 
N60' E 

N54°E 



99 



N55°E 
N60°E 

S 83' W 

N60°E 



REMARK. 



The area was nearly circular. 



»» 



»» 



»» 



»» 



This was a small earthquake, the origin and the area being 
nearly the same as those of No. 188. 



SThis wo 8 an extensive earthquake, felt along the coast between 
N part of Iwaki and E portion of Musashi. 

SThe uiotion was felt strongly in the N half of Hitachi ; Tokyo 
being on the 8WS edge of the disturbed area. 



The area was nearly circular. 



This was an extensive earthquake, whose E and W radii of 
propagation were respectively 300 and 330 km ; the origin being 
in the vicinity of Koori in the X part of Owari. The mean radii 
of tho areas of violent, strong and weak motion were respectively 
34, 100 and 158 km. 

The land area was 200 km long and 80 km wide. 
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TABLE II. (Continued.) 



Earthquake. 


Intensity. 


osition of earthq. 
origin. 


Area of 
disturbance. 


Direction of the 
major axis. 


No. 


Group. 


Lat N. 


Long. E. 


Semi- 
major 
axis, 
(km) 


Semi- 
minor 
axis, 
(km) 


208 


II 


— 


36* 22' 


140* 16' 


103 


36 


N 30* E-S 30* W 


209 


V 


— 


36 30 


142 




— 




210 


v 


- 


36 10 


141 








211 


n 








55 


42 




212 


V 




35 42 


141 








214 


V 


Strong. 


36 30 


141 25 


320 


75 


N 40* E-S 40° W 


215 


VII 




34 85 


138 30 


315 


62 


N 80° E-S 80* W 


216 


II 




36 17 


139 57 


73 


73 




219 


n 




36 5 


140 11 


103 


55 


N 10° W-S 10° E 


220 


IV 








57 


36 


N-S 
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Distance and direction of 
earthquake origin 
from Tokyo. 



REMARK. 



100 


km, 


N30°E 


230 


» 


N65*E 


120 




N65*E 


53 


>r 


N25°E 


107 


»• 


E 



170 

160 

73 
60 
36 



The area was a long regular ellipse, Tokyo being on the S\V end 
of the major axis. 



99 



99 



I 

SThe land area was 250 km long and 63 km wide, Tokyo being at 
the S W edge of it 

The land area was 96 km long and 23 km wide. 



The shock was felt only in the vicinity of the Inuba-zafci. 



N 5 8* E 

S 42* W 

N10°E 
N40°E 
E 



The motion was felt strongly in the SE portion of Iwaki and the 
NE part of Hitachi. 

The origin was at the mouth of the Suruga Bay, and the motion 
was felt strongly in the SE portion of Totomi, SVV part of Suruga 
and W half of Izu. 

The area was nearly circular. 

Tokyo was at the SW edge of the area. 

Tokyo was at the W end of the minor axis. 



amplitude of vibration at a given observing station. Consequently 
tlio shaking in Tokyo will, on average, be greatest in cases of the 
earthquakes belonging to group IV. The values of the ratio r /.i are, 
however, not markedly different for the three groups II, III and IV. 
The ratio is nearly unity for the two groups VI and VII ; that is to 
say, in cases of strong earthquakes belonging to these two groups. 
Tokyo is generally on, or near the boundary of the area of disturbance. 

What has been said above relates to ordinary, or non-destructive, 
earthquakes. Extensive and strong earthquakes seem to occur most 
frequently from zone V. 
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TABLE III. — MEAN EADII OF PEOPAGATION AND 
DISTANCES OF THE EAETHQ UAKE 
OEIGINS FEOM TOKYO. 



r=Mean radius of propagation, in km. 

cZ= Distance of earthquake origin from Tokyo, in km'. 



Group IT. 


Group nr. 


Group IV. 


^No. 


r 


1 d 


No. 


r 




No. 


r 


d 


20 


90 


85 


14 


51 

nJ 1 


5° 


10 


63 


49 


28 


155 


60 


17 


89 




11 

a <a» 


22 


26 


29 


60 


55 


49 


34 




18 


40 


37 

** • 


30 


92 


78 


70 


305 


29 


21 


92 


22 


37 


68 


68 


115 


25 


23 


34 


43 


43 


38 


76 


80 


US 

X IsJ 


54 




62 


1 15 


63 


50 


84 


GO 


119 
11%/ 


27 


30 


79 


55 


57 


53 


52 


41 


121 

4fc mm a. 


45 


52 


81 


36 


32 


59 


65 


oo 


1 OA 
It'll 


OA. 


26 


Q9 


Oo 


oo 


60 


62 


51 

v L 


1 OK 


09 


DO 


fid 


ft 1 ? 
o# 


OO 


Gl 


93 


39 


1 AO 


o« 


29 


Aft 


yu 


CO 

o* 


65 


240 


69 


155 


87 


40 


89 


24 


21 


by 


OU 


KO 


156 


80 


21 


92 


53 


51 


75 


47 


48 


153 


80 


44 


113 


98 


110 


76 


59 


41 


195 


60 


37 


114 


23 


21 


78 


265 


56 


Mean. 


58 


41 


126 


44 


38 


83 


128 


53 






137 


32 


41 


123 


105 


62 








154 


3G0 


29 


143 


200 


38 








161 


38 


35 


152 


45 


34 








163 


41 


41 


179 


90 


58 








169 


23 




180 


92 


59 








171 


160 





131 


47 


53 








177 


120 


23 


186 












178 


38 


26 


188 


48 


55 








182 


1G0 


120 


194 


70 


60 








220 


17 


36 


208 


70 


100 








Mean. 


76 


43 


211 


49 


53 














216 


73 


73 














219 


79 


60 














Mean. 


92 


61 
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F. OMOBI : 



TABLE III. (Continued.) 



Group V. 


Group VI. 


Group VII. 


•■No. 


r 


d 


No. 


r 


d 


No. 


r 


d 


13 


380 


125 


48 


600 




600 


94 


164 




280 


15 


195 


190 


56 


890 




390 


184 


120 




74 


19 


185 


125 


103 






270 


197 


234 




260 


23 


235 


160 


134 






430 


215 


190 




160 


89 


— 


150 


138 


270 




380 


Mean. 


176 




194 


42 


57 


90 


Mean. 


423 




414 










43 


255 


107 


















44 


135 


140 


















45 


— 




















46 


225 


130 


















54 


62 


95 


















55 


— 


130 


















71 


100 


140 


















77 


— 

— 


120 
110 


















97 


_ 


144 


















102 


90 


100 


















104 


200 


130 


















117 


50 


— 


















122 


185 


150 


















131 


— 


190 


















144 




126 


















147 


110 


118 


















172 


225 


115 


















178 




162 


















174 


300 


160 


















176 


315 


195 


















189 




260 


















192 


150 


137 


















203 




160 


















207 


107 




















209 




230 


















210 




120 


















212 




107 


















214 


200 


170 


















Mean. 


203 


143 
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5. Tabular Statement of the Results of the Earthquake 

Measurements.* 

Tables IV to X give (a) for Hitotsubashi and (b) for Hongo 
respectively the principal elements of motion for the earthquakes of 
the seven different groups I to VII ; the detailed analysis of the 
seismograms being contained in the Publications No. 10. The 
arrangement of the tables is as follows. — 

( 1 ) Earthquake Number. 

Horizontal Motion. 



(2 

(3 

(4 

(5 

(6 

(7 

(8 

(9 
(10 

(11 



Total duration. 

Duration of the preliminary tremor. 
General direction of motion. 
Maximum horizontal motion. 
Direction of max. hor. motion. 
Period „ „ „ „ 
Maximum velocity. 
Maximum acceleration. 

Average period of vibration in the EW component. 



(Sometimes the average period deduced from the combination 
of the two components are given ; this being distinguished 
by being enclosed within brackets.) 

(12) Average period of the ripples. 

Vertical Motion. 

(13) Duration. 

(14) Maximum vertical motion. 



* Cases of iiKTe tremors not included. 
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ONLY IN TOKYO. (a). HUotsubashi. 



Component. 


Verticil Component. 


motion. 


Average period. 


Average 
period of 
ripple* (si. 


Duration 




Maximum motion. 


Average 
period 

(8). 


V 8 / 


\ s» / 


EW (a). 


NS (s). 


2a (mm). 


T (a). 


1.2 


9.2 




0.72 




- 


Small. 





■ 


0.8 


6.2 


0.8 














0.8 


6.2 


(0,' 


71) 












0.8 


6.2 


(0.78) 












0.5 


4.0 


















0.7 




10.0 


0.64 


0.52 






— 

- — 


— 








11 O 


0.85 














1 4 


10.0 


0.78 














2.9 


20.0 


(0. 


98) 





— 


— 





— 


•2.9 


22.0 


0.77 


1.2 


— 




— 


— 




8.6 


31.0 


0.74 


0.93 






— 


_ 




7 


i/.V/ 


0.79 














0.4 


0.9 
















2.7 


19.2 


0.85 


0.65 












1.3 


8.5 


0.9 














2.3 


16.5 


0.8 














1.7 


12.0 


0.94 














0.8 


6.1 


0.86 














0.4 


2.9 


0.81 


0.86 












2.5 


34.0 
















2.1 


23.9 


0.58 














1.2 


11.6 


0.69 
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OBSERVED ONLY IN TOKYO. (b). Kongo. 



Component. 


Vertical Component. 


motion. 


Average period. 


Average 
Deriod of 
rippU$.{») 


Duration 


Maximum motion. 


Average 
Deriod 

<•)• 


/mm \ 

v v . ) 


. /mm \ 


EW (•). 


NS (s). 


(.). 


2a (mm). 


T. («)• 


1.3 


15.8 




0.46 












1.6 


24.7 


(0.59) 




10 






0.03 


0.6 


7.9 
















0.7 


8.7 




0.46 












1.0 


23.3 


(0.! 


16) 




15 


0.038 


0.18 


0.18 








0.5 


0.24 








0.2 


0.9 


4.0 
















0.6 


3.3 




1.0 




















0.21 


Short. 


Small. 
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(a). Hitotmubamhi. 



Component. 


Vertical Component. 


motion. 


Average period. 


Average 
Deriod of 
ripples (s). 


Duration 


Maximum motion. 


Average 
Deriod. 

(b). 


/mm \ 
V V 8 ) 


A \—) 


Xi>\ (8). 


XT d /_\ 

NS (e). 


w. 


2a (mm). 


rp / \ 
T . (">); 


— 








0.63 


— 


40 


0.3 


0.5 


0.45 


1.2 


8.5 




0.85 


— 












1.8 


12.9 




0.70 












1.8 


16.0 


0.71 














1.2 


9.0 










Small. 






8.2 


67.0 


0.75 


0.77 




50 


0.6 


0.65 


0.49 


1.6 


14.0 


0.76 














7.1 


46.1 


0.83 






120 


0.4 


0.70 


0.64 


6.0 


40.0 


0.84 






25 


0.2 


0.62 


0.63 


4.9 


40.0 


0.71 






30 


0.2 


0.4 




(b). Mango. 


0.8 


8.8 










0.06 


0.5 










0.47 


0.18 


13 


0.16 




0.18 


9.4 


74.0 




0.53 


0.24 


50 


0.11 


0.25 




0.9 


8.1 
















0.94 


12.0 
















1.4 


37.3 


0.23 






Short. 






0.17 


3.4 
6.2 


72.0 
55.0 


i0.11 
t0.37 

0.57 


0.19 
0.78 


0.18 


12 

25 


0.07 
0.14 


0.26 
0.24 


(0.12 
10.1(5 

0.2 


3.0 


25.0 


0.54 


0.85 




20 


0.1 


0.37 


0.18 










0.22 


20 






0.17 


1.7 


21.4 




0.6 




20 






0.23 






1.3 


1.1 


0.21 




Small. 










0.43 




020 










1.6 


49.3 






0.18 








■ 
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(a). Hitoi*uba*hi. 



Component. 


Vertical Component. 


motion. 


Average period. 


Average 
period of 
ripple* (a). 


Duration 


Maximum motion. 


Average 
period 

(«)• 






EW (s). 


XS (s). 


(«)• 


2a (mm). 


T. («)• 


0.8 


6.2 


0.83 


0.78 












1.8 


10.4 


0.83 














1.3 


13.0 


0.78 


0.70 












1.4 


y.9 


0.81 


0.84 












1.4 


14.0 


(0. 


74) 

1 


1 











(b). Hongo. 













30 






0.42 








0.43 












0.3 


2.7 


1.4 


0.50 












1.3 


2.4 














mm* mm m* 
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(a). Hitoisubashi. 



Component. 


Vertical Component. 


motion. 


Average 


period. 


Average 
period of 


Duration 


Maximum motion. 


Average 
period 

(8). 


/ in in \ 


4=5-) 


i 

EVV («). j 


XS (8). 


(•)■ 


2a (mm). 


T (s). 


1.2 


14.2 


0.52 

1 


0.55 



















0.63 




•in 


0.3 


0.5 


\J.tO 


1.7 


15.0 


0.85 . 








Small. 






1.1 


10.0 


0.74 1 














1.1 


8.1 


0.78 














4.5 


41 


(0.76) 






Small. 






1.4 


16.0 


1 














1.0 


7.1 


0.7 7 














2.5 


20.0 


l 0.77 














0.8 


9.9 


0.G2 

1 
















(6). Hongo. 



1.4 

2.8 
0.52 

17.4 
9.0 
3.6 

19.0 
1.3 



19.5 

66.0 
2.7 

84.1 
221.0 
87.6 
42.8 
31.5 



0.72 0.44 

— J 0.44 

2.0 ? ! — 
1.3 



1 1.2 
'2.1 



(1.07) 



1.2 
1.6 
6.5 



0.75 
0.79 

0.44 















Small. 




0.23 


10 


0.06 


0.23 


0.44 










220 


1.0 


0.90 


0.28 


60 


0.23 


0.44 


0.19 


40 


0.06 


0.32 




360 


1.5 


0.31 


0.17 









0.17 
0.16 

0.23 



039 

1 0.38 
10.66 
J 0.27 
'0.55 
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(a). Hitot*uba*hi. 



Component. I Vertical Component. 



motion. 


Average 


period. 


Average 
period of 
ripples (s). 


Duration 


Maximum motion. 


Average 
period 

(8). 


v( mm ) 

\ 8 / 


\ s* ' 


EW (s). 


NS (s). 


(8). 


2a (mm). 


T„ («)• 


5.7 


43.0 


(0.; 


!9) 




80 












94 














6.3 


47.6 


0.77 














2.1 


13.7 


0.83 














2.4 


19.0 




0.83 












1.3 


9.1 


0.89 














1.2 


8.0 


0.87 


0.89 






i 

1 


1 

■ 




1.9 


16.0 


0.71 














3.3 


31.0 


0.78 






40 


0.18 

I 


0.38 

1 




3.1 


25.3 


0.77 














(b). Hongo. 






0.69 


0.43 










0.19 


15.7 


33.0 


1.3 


0.57 




80 


0.48 


0.61 


0.16 


3.1 
1.4 


39.5 
7.0 


(0.48 
(0.93 

0.69 


0.48 
0.45 


0.16 


45 


0.6 


0.21 


0.21 


2.1 


28.0 


0.77 


0.43 


0.17 


22 


0.06 


0.19 


0.17 


4.8 


230 


0.86 


0.47 


0.15 


34 


0.18 


0.43 


0.29 


2.8 


31.0 


0.81 


0.48 


0.18 


26 


0.06 


0.4 


0.23 








0.52 




20 


0.13 


0.38 


0.28 






0.75 


1.0 




40 


0.2 


0.93 


0.66 


3.3 

U.3 

lie 
0.9 


18.5 
<5.8 

(4-9 

8.8 


1.24 
2.32 


1.12 
1.19 


0.49 


65 
60 


1.4 
0.01 


0.82 
0.51 


<0.12 
(0.83 

0.54 


1.6 


8.7 




1.13 




90 


0.06 


0.32 




0.5 


3.9 




0.88 












0.6 


8.8 


0.55 




0.20 


70 


0.06 


0.19 


0.57 



TABLE X. GROUP VII EARTHQUAKES. 



1 


220 






5.0 ; — 


1.8 


94 


GO 




E-W. 


0.45 1 — 


0.83 


TABLE X.— (Continued.) 


184 


60 






o, ! - 


_ 


HIT 


1-20 






O.S ' — 


1.10 


215 


no 






0.2 — 


1.14 
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(a). HUo tsubaah i. 



Component. 


Vertical Component. 


motion. 


Average period. 


Average 
period of 
ripplet (s) 


Duration 


Maximum motion. 


Average 
period 

(*). 


v(=fL) 




EW (s). 


NS (s). 


(8). 


2a (mm). 


T„ (s). 


5.5 


60.0 




0.45 












1.8 


14.0 




0.67 






t 






4.3 


34.0 


0.78 














0.79 


7.3 


0.75 















(6). Hongo. 



0.95 


7.5 


1.0 
0.84 


0.46 
0.47 
0.74 






Small. 




0.14 


(a). 


Hit ot»uba»h i. 












8.7 
1.7 


30.5 
13.0 


85 






100 

1 

i 
I 

1 


i 






(i). 


Hongo. 














1.4 
0.6 


7.3 
3.0 


0.48 
1.24 
1.44 


0.68 
1.14 
1.19 




25 


0.05 


0.39 


0.45 
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TABLE XT. — (Continued.) 



MACRO-SEISMIC MEASUREMENT IN TOKYO. II. 49 



TABLE XL— {Continued.) 



Earthquake. 


Horizon til Motion. 


Vert, motion. 


Character. 


No. 


Group. 


Dura- 
tion.^). 


Max. 2a. 

(uiin). 

1 


1 T e (s). 

i 


Direction. 


Max. 2a. 

(mm). 


1 T c 

|(8). 


185 


I 


15 


1 
1 

2 


1 

1 0.5 

1 


E-W 


i 
1 


1 

1 

1 


Quick. 


187 


IV 


120 


0.2 


1.8 i 


SE-NW 






Gentle. 


189 


I 


20 


Small. 




N-8 


— 


1 


*> 


141 


T 
1 


OO 


u.z 


1 7 
1. f 


Uj— W 






>> 




TTT 
111 


1 O 
1Z 


U.O 


O 3 




bmall. 


1 

t 


Quick. 


148 


II 


120 


1 1 

l.X 


1 


SW-NE 

U »i —XI Xli 


& 


1 
1 

ft 

1 U.O 


»» 


144 


V 


120 


0.8 


1.5 


E-W 






Gentle. 


151 


1 


5 


Small. 


— 


N-8 





— 




X tf it 


n 


in 

1U 


>» 




IN— D 






Vuick. 




TV 

1 V 




on q 


1 

! 


IN W— 0H1 


fj 
O.I 


1 a n 
u.u 




155 


III 


120 


9 
u. & 


• 


O YV —IN Hi 






— 


156 


III 


120 


Small. 





E-W 




— 


— 


158 


III 


80 


>» 





SE-NW 









Xt/«7 


T 
X 


1 5 

ID 


>> 




IN-o 




- 


Gentle. 


161 


IV 


15 
10 


» 




Uj— W 






Quick. 


162 


I 


20 


» 




8-N 






Gentle. 


168 


IV 


80 


Very small. 










1 


»> 


164 


I 


15 


Small. 


1 


N-S 




1 


i> 


165 


I 


18 


>> 




N-S 




1 
1 


»» 


166 


I 


80 


0.2 


0.6 


N-8 








168 


« 

I 




Small. 


1 


N-8 








171 


IV 


90 


4.1 


0.6 1 


E8E-WNW 


0.6 


0.6 


Quick. 


172 


V 


75 


0.5 


0.5 1 


SE-NW 


Small. 


! 


Gentle. 


178 


V 


20 


0.2 


0.2 


E-W 






Quick. 


174 


V 


240 


8.8 


2.5 

( 


SE8-NWN 


0.2 


0.6 

i 


Gentle. 
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6. Summary of the Observations at Hitotsubashi. 

The average values of the elements of earthquake motion at 
Hitotsubashi for the different groups are collected in Table XII, the 
general mean results being as follows. 

Horizontal Motion (64 earthquakes) : — 
Duration =101 sec. 
Ma ximum Motion = 0.70 mm. 
Period of max. motion =0.77 sec. 
Maximum velocity =2.4 mm / tW . 
Maximum acceleration = 20.0 mm l $ec * 
Average peri<xl=0.76 sec. 
Vertical motion (L0 earthquakes) : — 
Duration = 58 sec. 
Maximum motion = 0.22 mm. 
Period of max. motion =0.54 sec. 
Average period =0.5 3 sec. 
Thus it seems that the mean value of the period of the maximum 
vibration, both in the horizontal and the vertical component, seems 
to be practically identical with that of the average period. The case 
might be different if we take only strong earthquakes. 

The horizontal motion lasts twice as long as the vertical motion, 
the max. 2a and T of the former being respectively about 3 and 0.7 
times those for the Litter. 
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7. Summary of the Observations 

at Hongo. 

Table XIII gives the mean elements of motion at Hongo for the 
seven Groups separately, the general average values of the duration 
and the max. 2a being as follows. — 

Duration of horizontal motion = 96 sec. 
Maximum horizontal motion=0.79 mm. 
Duration of vertical motion=51 sec. 
Maximum vertical motion=0.22 mm. 
Thus at Hongo the horizontal motion lasts twice as long as the 
vertical ; the range of motion of the former being also nearly 4 times 
larger than that of the latter. 

The period of vibration is not so uniform as at Hitotsubashi, 
there existing evidently several different sets of waves. The following 
are classified lists of the mean values of the different periods of 
vibration at Hongo. 

PERIODS OF HORIZONTAL MOTION. 



Group. 


Period of max. vibration. 




Average 


period. 




Period of rippltt. 


*■ © | * o 


o 


rit »»// 
•* o 


r 




r£"> 


rjy»" 


Ti 


'1' 


I 


86C. 

0.26 . 

1 


8eC. 

48 


ReC. 

1.25 


sec. 


sec. 

0.26 


sec * 

0.50 


sec. 1 sec. 

1.00 i — 


sec. 
0.23 




II 


0.24 

1 


0.65 






0.20 


0.57 


1.20 




0.20 




III 


0.34 


0.60 








0.47 


1.40 








IV 


0.25 


0.53 


1.30 


2.80 




0.60 


1.25 


2.10 


0.22 


0.44 


V 




0.62 


1.26 


2.10 




0.60 


1.13 


2.32 


0.17 


0.49 


VI 




0.79 








0.56 


0.92 








VII 






1.15 






0.58 


1.26 








Mean. 


0.26 


0.60 


1.25 


2.60 


0.22 


0.57 


1.18 


2.20 


0.20 


0.47 



With respect to the max. horizontal vibration there are essentially 
four periods, whose mean values are: T o '=0.26s, T n "= 0.60s, 
T "'=1.25s, T ""=2.6s ; the one most frequently occurring being T "- 
These four periods are roughly in the ratios of 1 : 2 : 4 : 8. With 
respect to the mean period of vibration, there are similarly four 
periods: T'- 0.23s, T"=0.57s, T"'=1.18s, T""=2.2s ; these being 
nearly equal to T ', T D ", T D "' and T„"" respectively. 

In the case of the vertical vibration, we have essentially four 
kinds of waves, as follows :- -period of maximum vibration, t_' — 0.25s, 
t o "=0.4(is, r o ""=0.i)ls ; average period, t'=0.20s, t"=0.41s, f"= 0.63s ; 
the period most frequently occurring being t D ' and t'. These four 
sets of the periods are roughly in the ratios of 1:2: 3 : 4, 



MACRO-SEISMIC MEASUREMENT IN TOKYO. II. 



55 



With regard to the horizontal ripples, there are essentially two 
different periods : Tj=0.20s and T 2 =0.47s ; the former being the 
predominating one. 

It is to be observed that the T, and T 2 of the horizontal ripples 
are practically identical with the t' and t" of the vertical motion. 
This seems to indicate that the horizontal ripples and the vertical 
vibrations belong, in some cases, to one and the same kind of waves, 
which is probably in a part of the character of surface waves. 

The ripples is sometimes quite prominent, the T c ' and T' of the 
horizontal motion being practically identical with the periods of the 
ripples. 
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8. Comparison of Earthquake Motion at 
Hilotsubashi and at Hongo. 

The Seismological Institute (Hongo) is situated on the higher part 
of the town where the ground is of hard clay. On the other hand, 
the Hitotsubashi Observatory stands on low and very soft soil, which 
is seismically one of the most sensitive places in Tokyo. From the 
comparison of the seismograms obtained at Hitotsubashi with those 
obtained at Tsukiji,* it was found that the seismic movements at the 
former place is even greater than that at the latter. 

Table XIV gives the comparison of the earthquake motion in the 
26 cases observed simultaneously at Hitotsubashi and Hongo. (In 
each of the three cases, namely, earthquakes Nos. 135,61 and 84, the 
motion at Hongo consisted simply, of ripples of quick period, while 
that at Hitotsubashi consisted of vibrations of the usual period. 
Consequently these three earthquakes have been excluded in deducing 
the mean values of the quantities T , V and A.) The mean results of 
the comparison is as follows. 





Hitotsubashi. 


Hongo. 


Ratio Hitotsubashi 
Hongo 


Duration. 


1.19 sec. 


0.72 sec. 


1.7 


Max. 2a. 


1.07 uiiii. 


0.56 mm. 


1.9 


T 


0.87 sec. 


0.(53 sec. 


1.4 


V 


3.5 inm/s 


1.9 inm/s 


1.8 


A 


24.9 min/s- 


20.4 mm/s 2 


1.2 



Thus the duration at Hitotsubashi is 1.7 times longer than that 
at Hongo. Further the maximum motion and the period at the 



* Tsukiji or Made Ground is the name of the portion of the city along the sea coast, to the 
right-hand side of the mouth of the Sumida, which was formerly under the sea. 



nature of soil is very .striking indeed. Thus, for example, on the 
occasion of the great Mino-Owari earthquake of Oct. 28th, 189 1, the 
shock was very strong in the city of Hikone (province of Om'i), where 
several houses and temples were entirely overthrown ; while on a 
neighboring hill the shock was much weaker, even atone lanterns 
(■Japanese lamp posts for girdens) not being overturned. 

The effect of earthquake motion will similarly be felt very 
severely in a valley district, where loose soil is superposed on a 
hard formation ; just as sand particles placed on a sounding plate are 
caused to jump up by the vibration of the latter. 



* Tour. Sc. Coll. Imp. Unic, Tokyo, Vol II. 
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TABLE XIV. — COMPARISON OF EARTHQUAKE MOVEMENTS 

AT HITOTSUBASHI AND HONGO. 



(HORIZONTAL COMPONENT.) 







Duration, (s). 


Max. 2a (mm). 




(WC). 


V . 


/ UlDl \ 
( 8. ) 


4 

A. 


/ mm \ 

( S». ) 


Grout). 
























Hit. 


Hongo. 


Hit. 


Hongo. 


Hit. 


Hongo. 


Hit. 


Hongo. 


Hit. 


Hongo. 


I 


25 


60 


70 


0.2 


0.2 


0.8 


0.5 


0.8 


1.3 


6.2 


15.8 


»» 


31 


85 


45 


0.2 


0.2 


0.8 


0.4 


0.8 


1.6 


6.2 


24.7 


M 


CO 

00 


120 


25 


4 


12 

\ / • A 4ml 




U.5Z 


J. 5 


0.7 


1 1 n 

1 l.U 


Q 1 
O.I 


»> 


135 


45 


15 


0.5 


0.08 


0.92 


0.26 


1.7 


1.0 


12.0 


23.3 




167 


80 


20 


0.25 





0.65 


— 


1.2 


— 


11.6 


— 


11 


21 


180 


57 




0.2b 
















28 




100 


2 8 

mm • 


2 4 




0.8 




9.4 




74.0 


9> 


29 


— 


40 


0.3 


0.2 





0.7 





0.9 





8.1 


it 


50 


30 


35 


0.25 


0.15 


0.62 


0.5 


1.3 


0.94 


12.9 


12.0 


it 


61 





30 


0.32 


0.32 


0.86 


0.3 


1 t\ 

1.2 


3.4 


9.0 


72.0 


it 


65 


105 


110 


2.0 


1.4 


0.77 


r\ mm "| 

0.71 


8.2 


6.2 


67.0 


55.0 


*f 


78 


240 


140 


2.2 


0.74 


0.97 


M fX 

0.78 


7.1 


3.0 


An 1 

46.1 


25.0 


it 


123 


ICO 


40 


1.2 


0.54 


0.7/ 




4.9 


— 


40.0 




in . 


5 


100 


50 


0.2 





0.8 


— 


0.8 


— 


6.2 


— 


IV 


10 


50 




21 


2 


0.54 


0.45 


1.2 


1.4 


14.2 


19.5 




62 


100 


70 


0.4 




0.74 




1.7 




15.0 





it 


84 






n q 


u. 10 


0.88 


0.22 


1.1 


2.3 


8.1 


66.0 


a 


86 


120 


70 


1.0 


0.2 


0.70 


0.6 


4.5 


0.52 


41.0 


2.7 


V 


4 


100 


80 


















»> 


19 


180 


116 


1.7 


0.5 


0.84 


0.5 


6.3 


3.1 


47.6 


39.5 


ii 


23 


100 


90 


0.64 


0.6 


0.96 


1.3 


2.1 


1.4 


13.7 


7.0 


it 


39 


120 


65 


0.6 


0.32 


0.79 


0.48 


2.4 


2.1 


19.0 


28.0 


ti 


43 




130 


5.0 


2.0 




1.3 




4.8 




23.0 


a 


122 


120 


70 


0.7 


0.6 


0.66 




3.3 




31.0 




VI 


56 


120 


100 


0.45 


0.24 


0.78 


0.79 


1.8 


0.95 


14.0 


7.5 


it 


103 


180 


180 


1.1 


0.5 


0.81 




4.3 




34.0 




Mean. 


119 


72 


1.07 


0.56 


0.87 


0.63 


3.5 


1.9 


24.9 


20.4 



values of 2a and T D are as follows :■ — 

For Hitotsubashi, A= 17.0 min/s*, 

„ Hongo , 16.lt „ 

,, Central Met. Observatory. „ 12. (i „ 
The mean value of the accelerations thus found is 
A— 17.0 mm/a*,' 

which is to !*■ regarded as the acceleration of the earthquake motion 
just sufficiently strong to l>e perceptible to us without instrumental 
aid, that is to say, the acceleration of the slightest macro-seismic 
unitivii. (;>ee the I'uliUmlioiis, No. 10, ]>. iv.) 



* The results f..r th.- <\:utnl Mi'leori.]o„'iciil 01 .server; fxivptf.!. iSe- the f^ot-nnti' 
to Table XVI 
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TABLE XV. — SLIGHTEST EAKTHQUAKES. 



HUotsubashi and Kongo. 



Hitot8dba8hi. 


Hongo. 


Group. 


So. 


2a (mm). 


T„ (see.) 


Group. 


Xo. 


2a (in in). 


T„ (sec.) 


V 


19 


4 mm 

1.70 


0.84 


III 


17 


XX XX mf 

0.05 


XX X* XX 

0.60 


II 


/"V ^X 

29 


0.30 




V 


1 XX 

19 


XX mf XX 

0.50 


O.oO 


M 


38 


0.35 


0.90 


II 


XX 

20 


XX ^ y| 

0.16 


.*X /X xx 

0.60 


VI 


48 


*fl y» xx 

1.00 


XX M M 

0.57 


»» 


X4/\ 

29 


XX XX XX 

0.20 


0.70 


III 


49 


0.25 


^X vx XX 

0.60 


V 


44 


/ % ^ ^x 

0.20 




II 


50 


0.25 


0.62 


II 


50 


0.15 


XX m* XX 

0.50 


VI 


56 


0.45 


0.78 


VI 


56 


XX XX J 

0.24 


. x p^xx 

0.79 


II 


56 


xx ^ 

0.40 


XX M 

0.70 


II 


60 


xx V xx 

0.10 


0.23 




61 


y-v XX /"^ 

0.32 


XX XX ^« 

0.86 


»» 


61 


XX xxxx 

0.32 


0.30 


V 


mm 4 

71 


xx xx mt 

0.35 


0.91 


V 


43 


XX XX xx 

2.00 


1.30 


TT 

II 


76 


XX XX M 

0.35 


0.75 


VI 


^ XX f X 

103 


XX §m XX 

0.50 




IV 


92 


0.25 


xx ^# a 

0.57 


III 


1 -X J 

124 


0.14 


0.34 


VTT 




U.40 


U.OO 


V 






I.IO 


V 


97 


0.43 


0.73 


>? 


192 


0.20 


0.67 


IV 


82 


0.25 


0.71 


II 


194 


0.40 




V 


43 


5.00* 




VII 


197 


0.50 


1.16 


VI 


103 


1.10 


0.81 


V 


212 


0.14 


0.84 


III 


115 


0.10 






214 


0.10 


0.56 


IV 


126 


0.25 


0.82 


VII 


215 


0.20 


1.14 


V 


131 


0.75 


0.75 


II 


216 


0.24 


0.43 


IV 


137 


0.63 


0.79 




219 


0.10 


0.20 


VI 


138 


0.17 


0.68 


IV 


1 220 


0.10 


0.25 


IV 


161 


0.13 


0.51 




1 
I 






Mean. 




0.47 


0.74 


Mean. 


i 

i 


0.35 


0.64 



* Excepted in taking the means. 



• In (Inducing the mean values 'if ii and T a . those 0'tr'hi[n ik.'a « -Imse -a u-as 4»mtf have 
heeii exclude i. Tliis would chubs tin- value of the -'a in U' slightly larger than the true one. 
As, moreover, the T. is for those earthquakes are not t iien. the mean Tallies of the 2i and T, 
here found have not ln?en takou into m.djiiI ia the do luet:on ■■( the <rener.il mem value of 
A (pRge (Ml). 
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10. Period of Earthquake Vibration at Hitotsubashi. 

To see the dependence, if any, of the period of vibration on the 
magnitude of earthquakes or on the position of the centres, I have 
constructed Table XVII which gives, for the 34 earthquakes whose 
origins and areas of disturbance are definitely known, the following 
quantities : 

T= Average period of vibration ; 

d= Distance of earthquake origin from Tokyo ; 

r=Mean radius of propagation. 

The earthquakes are arranged in order of r. 

As will be seen from Table XVII (and also from the results 
contained in Table XII), there is no relation at all between the T 
(or T Q ) and the distance (d) or the mean radius (/•). The conclusion 
is that the period T at Hitotsubashi is essentially characteristic to the 
locality itself, and depends little on the distance of the origin or on 
the magnitude of the earthquake. Such is probably also true of other 
districts, where the soil is very soft. 



i 
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11 Period of Earthquake Vibration at the Central 

Meteorological Observatory. 

The period of the maximum horizontal vibration T Q in the 53 
earthquakes observed at the Central Meteorological Observatory varied 
between 0.2 sec. and 1.8 sec, the frequency of the different periods 
being as follows : — 



Number of 
cases. 


Period of hor. motion. 


Number of 
cases. 


Period of hit. motion. 




sec. 






sec. 




2 


0.2 \ 


sec. 





1.1 \ 




2 


0.3 ' 


, 0.30 (mean). 


4 


1.2 


sec. 


2 


0.4 J 




1 


1.3 


i 1.34 (mean). 


10 
6 


0.5 \ 
C.6 




2 
3 


1.4 
1.5 > 




4 


0.7 







1.6 




6 


0.8 


0.69 (mean). 


1 


1.7 


1 1.80 (mean). 


2 


0.9 




4 


1.8 




4 


1.0 ; 











Dividing the 5*3 cases into four groups, as indicated in the above 
table, the mean values are found to be respectively 0.30, 0.69, 1.34 
and 1.80 sec, these being roughly in the ratios of 1: 2: 4: 6. The 
periods most frequently occurring are from 0.5 to l.D sec. 

The period of the maximum vertical vibration, given in 13 cases, 
was as follows : — 



• 

Number of 
ciises. 


Period of vert, motion. 


Number of 
cases. 


Period of vert, motion. 




sec. 




sec. 


3 


0.3 


3 


0.6 


2 


0.4 


2 


0.7 


2 


0-5 


1 


0.8 



From the above table it seems that in the majority of awes, in 
which the 2a is large, the direction of motion points more or less 
approximately towards, or from, the origin of disturbance. 

13. On Ihe Amplitude of Vibration and the Duration of 
Earthquake Motion. 

AMPLITUDE. 

To find the relation, if any, respecting the maximum rang*; of 
motion in the different earthquakes observed at a given station, let us 
assume the equation, 
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in which j is a constant, r the mean radius (in km) of the area of 
disturbance, d the distance (in km) between the earthquake origin 
and a given observing station, and 2a the maximum range of motion 
(in mm) at the latter. This equation may be deduced as follows : 
Let 2^ be the mean range of motion at the boundary of the area of 
disturbance. If now the earth's crust be supposed to be a homog_ 
eneous medium, the amplitude varies inversely with the distance from 
the earthquake origin ; we have therefore 

2a r_ 

2a ~~ d 

or 2a=2z x-^- 9 (10 

Thus j in equation (1) corresponds to 2oq in equation (1'), that 
is to say, j denotes the motion at a given station which is just large 
enough to he felt by people without instrumental aid. 

DUB AT ION 

With respect to the duration of an earthquake at a given station, 
I assume, as already done in the case of the Miyako earthquake 
observations,* the relation 

in which k is a constant, r and d have the same signification as in 
equation (I), and D is the duration (in sec.) of an earthquake at a 
given station. This equation is based on the supposition that D li 
proportional to the magnitude of an earthquake, or the area of 
disturbance, and inversely proportional to the distance between the 
origin and the station. 

• Ouiori and Hiruti: Eartliquake Measurement at Miyako, Jcrn. So Coll., Imp. Ui.ir. # 
Tokyo, Vol. XI. 





M 


an . . . . 






0.51 . 


. 0.60 




General Mean 




051 . 


0.62 




119 


31 


nr. 


1.25 


0.33 


0.25 


Hongo. 


9!) 


07 


04 


0.40 


0.31 


0.44 


194 


129 


so 


0.59 


0.39 


0.251 


fUbla XIX) 


•250 


109 


142 


0.M 


0.37 


0.S8 




312 


307 


133 


0.41 


0.40 


0.42 




Mean , . 






0.36 


0.36 




07 


32 


07 


0.40 


0.15 


0.2m 


tV»l. Met. 


87 


03 


'..0 


0.04 


0.40 


0,75 


Oli.-ivali.rv, 


•JOS 


13s 


110 


0.52 


0.3 1 




(Tail XX) 


3-11 


319 


123 


0,17 


0.44 


Ml 




Mean 






0.35 


43 


















r e XXIiir, 










Wit ■> 1 tt» 


l'.AI'llil 1 U,.V.ii-l> vlll>hl-U I'll 




lii.-li ,1 and - :.iv do.inilely knoivu. 
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To determine the values of the constants j and fc, which are to be 
regarded as seismic coefficients for a given locality with regard to the 
amplitude and the duration, I have divided the earthquakes contained 
in each of Tables XVIII to XXI arbitrarily to a convenient number 
of groups and calculated in each case the mean values of the different 
quantities. These latter and the corresponding values of j and k for 
Hitotsubashi, Hongo and the Central Meteorological Observatory are 
given in the above table. 

Considering the nature of the question, the agreement of the 
values of each of the constants for the different places of observation 
must be regarded as being tolerably satisfactory. In these calculations 
I have not taken the focal depth into consideration. The result is in 
general slightly improved if we correct for this latter factor. 

From the above it will be seen that the corresponding seismic 
coefficients for Hongo and the Central Meteorological Observatory are 
nearly identical to one another while the values for Hitotsubashi 
are larger than those for the two other places ; the mean values of 
the constants being as follows. 

Hitotsubashi : y = ().ol, fc=0.(i2. 

Homjo : 7 = 0.3(5, fc=0.3(>. 

Cent. Met. Observatory : 7 = 0.35, /c=0.43. 
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TABLE XIX. — EARTHQUAKES OBSERVED AT HONGO. 

Groups II— VII. 



Group. • No. 



IV 


171 




177 


III 


124 


IV 


154 


>» 


220 


>» 


10 


II 


60 



Mean 



r (km) 



IV 


86 


II 


29 




78 


IV 


84 


II 


179 


>> 


194 


>» 


50 


>> 


28 


•• 


219 




123 


IV 


G2 


II 


65 


>> 


216 


VII 


184 


III 


17 


II 


20 




61 


ft 


208 



Mean 



160 

120 
24 

360 
47 
63 
62 

119 

90 
60 
65 
87 
90 
70 
84 
155 
79 
105 
115 
240 
73 
120 
89 
96 
93 
70 
99 



d (kui) 




23 
26 
29 
36 
49 
51 
31 

52 
55 
56 
56 
58 
60 
60 
60 
60 
62 
63 
69 
73 
74 
80 
85 
89 
100 
67 



D (8) 


i'a(mui) 




T. (•) 


y / mm \ 

V 8 / 


a(^) 


T(s) 


— - - 

80 
80 
20 


0.7 
0.3 
0.14 


0.25 
0.26 
0.34 


9.0 
3.6 
1.3 


221.0 
87.6 
2.4 


( 1.2 
I 0.75 
J 1.6 
{ 0.79 

— 


480 


7.2 


1.3 


17.4 


84.1 


1.07 


15 


0.1 


0.25 


1.3 


31.5 


0.44 


— — 


0.2 


0.45 


1.4 


19.5 


0.44 


16 


0.1 


0.23 


14 


37.3 


0.23 


115 


1.25 










70 


0.2 


0.6 


0.52 


2.7 


<2.l 
\ 1.3 


40 


0.2 


0.7 


0.9 


8.1 




140 


0.74 


0.78 


3.0 


25.0 


0.70 


60 


0.16 


0.22 


2.3 


66.0 


2.0 


25 


0.26 


0.49 


1.7 


21.4 


2.6 


120 


0.4 


- 


^ 


____ 


1.2 


35 


0.15 


0.5 


0.94 


12.0 





100 


2.4 


0.8 


9.4 


74.0 


0.53 


30 


0.1 


0.20 


1.6 


49.3 





40 


0.54 










70 












110 


1.4 


0.71 


6.2 


55.0 


0.68 


30 


0.24 








0.43 


60 


0.1 








0.58 


65 


0.05 


0.6 


0.3 


2.7 


( 0.5 


70 


0.16 


0.6 


0.8 


8.8 




30 
50 


0.32 


0.3 


3.4 


72.0 


( 0.37 
(0.19 


64 


0.46 











MACRO-SEISMIC MEASUREMENT IN TOKYO. II 



73 



TABLE XX— EARTHQUAKES OBSERVED AT THE 
CENTRAL METEOROLOGICAL OBSERVATORY. 

Groups II-VII. 



Group. 


No. 


r (km). 


d (kin). 


D(s). 


2a (tnui). 


T (s). 


IV 


171 


160 





90 


4 1 


0.6 


>» 


114 


23 


21 


25 


0.4 


0.4 


»> 


89 


24 


21 


20 


0.2 


0.8 


ill 

JL JL -A- 


156 


80 


21 


120 


Small. 




IV 

^L V 


21 


92 


22 


45 


0.2 


0.5 


ft 


177 


120 


23 


90 


1.5 


0.7 


III 

~M~ JL L 


115 


25 


23 


30 


Small. 




ft 


124 


24 


26 


90 


0.3 


0.5 

XX • 


IV 

JL. T 


154 


360 


29 


372 






III 

JL. A. JL 


70 


305 


29 




Small. 




»» 


142 


82 


29 


12 


0.5 


0.3 

X^ • XJF 


>» 


49 

J*. 


34 


32 


10 


Small. 




II 

JL. JL 


152 


45 


34 


10 


» • 




IV 

JL* T 


161 


38 


35 


15 






»» 


220 


47 


36 

^- * \JF 


10 


ft 




ft 


18 


40 


37 


180 


0.2 


0.3 


TT T 
III 


195 


60 


37 


• 

30 


Small. 




>> 


155 


87 


40 


120 


0.2 




II 


143 


200 


38 


120 


1.1 


1.0 


IV 


137 


32 


41 


120 


0.2 


1.8 




163 


41 


41 


30 


Small. 




II 


53 


52 


44 


30 


if 






76 


59 


44 


10 


0.2 


0.5 


III 


158 


80 


44 


30 


Small. 




IV 


10 


63 


49 


10 


0.4 


0.7 


Me 


an. 


87 


32 


67 


0.4 
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TABLE XX.— (Continued.) 



Group. 


>o. 


r (km). 


a (km). 


D (s). 


2a (mm). 


l , (•)• 


V 


172 


225 


115 


75 


0.5 


0.5 


IV 


182 


160 


120 





0.8 


1.0 


V 


13 


380 


125 


360 


— 





>> 


19 


185 


125 


120 


1.0 


1.8 


tf 


144 





126 


120 


0.8 


1.5 


l> 


104 


200 


130 


70 


0.2 


1.0 


9* 


46 


225 


130 


45 








f » 


55 





130 


15 


Small. 





l» 


192 


150 


137 


30 







t • 


71 


100 


140 


120 


0.2 


1.5 


»* 


44 


135 


140 


109 


0.7 


1.4 


»» 


97 





144 


180 








>> 


39 





150 


60 


0.4 


1.8 


t» 


122 


185 


150 


120 


1.2 


0.5 


»» 


23 


235 


160 


90 


1.3 


1.2 


>» 


174 


300 


160 


240 








VII 


215 


190 


160 


60 








V 


173 





162 


20 


0.2 


0.2 


»» 


214 


200 


170 


90 


0.5 


0.6 


Me 


ac. 


208 


138 


110 


0.52 




V 


131 




190 


150 


0.2 


0.9 




176 


315 


195 


120 


1.2 


0.7 


VII 


197 


234 


260 


120 






V 


1 QO 






on 




u.u 


VI 


103 




270 


180 


0.4 


1.2 


VII 


94 


164 


280 


60 


Small. 




VI 


56 


390 


390 


90 






t> 


134 




430 


240 


0.4 


1.4 


>f 


48 


600 


600 


60 






Me 


an. 


341 


319 


123 


0.47 





* Compiled from the IjiLj Prof. M. Sekivsi's iwiper r /■.'.(rt/ir/icrJ.v M.-n ^ k j-.-^i ■■ n r. r.<(.-., .lour. So 1 
Coll. Imp. Univ. Toki.>, II. 
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TABLE XXI.— (Continued). 



Date. 


Time of occurrence. 


jxihia. nor. 
2a (mm). 


Z>(8). 


d (km). 


Y (km). 


1887 


VTT 


Q 


Q 

o. 


Ifi 
ID. 


94 


p.LU. 


O.b 


61 


73 


89 




TX 


o 


o 
o. 


OU. 


n 

U 


in Til 
p.Jli. 


0.3 


150 


74 


87 


1887 


VT 

V jL. 


99 


7 


AS) 


°.o 


ct.LIi. 


0.3 


( J8 


r— 

77 


8o 


• 




Jlic 


OU. 








0.78 


97 


56 


^ aa 
100 


1886. 


V. 


30 


8. 


38. 


18 


p.m. 


0.4 


90 


92 


92 


1885. 


X. 


1 


1. 


9. 





p.m. 


1.0 


120 


95 


145 


f> 


>» 


18 


0. 


15. 





p.m. 


0.3 


60 


95 


98 


1 OO/ 1 

JOOD. 


I. 


4 


8. 


31. 


30 


p.m. 


0.4 


54 


95 


98 


*» 






A 


9fi 


49 


p. Hi. 


0.8 


75 


106 


118 


>» 


TIT 


la 


A 
U. 


95 




p. Hi. 


0.7 


120 


110 


118 




VT 


90 


Q 
O. 


OO. 


Ov/ 


Cb.LLi. 


0.4 


95 


113 


161 


1885 


A.. 


11 






1ft 


a.LLi. 


1.1 


243 


1 1 A 

114 


134 




TIT 

JL J. J . 


o 


C/. 


Q 
O. 


4Q 


a iri 
Ok.IiJ. 


0.6 


130 


118 


12b 




VT 


•4 

o 


Q 
O. 


A 
O. 


Q7 
O I 


p.ui. 


0.4 


91 


122 


122 


1885. 


X. 


•24 


5. 


12. 


18 


p.m. 


0.7 


/5 


130 


150 






Me 


an. 








0.62 


105 


108 


t r% At 

124 




VIII. 


15 


0. 


59. 


15 


a.m. 




185 


169 


. 193 


1885. 


IX. 


26 


0. 


30. 





p.m. 




215 


177 


235 


»> 


X. 


26 


10. 


41. 


11 


p.m. 


2.2 


200 


180 


224 


1880. 


IV. 


4 


1. 


0. 





a.m. 


0.4 


130 


216 


235 


»> 


XII. 


11 


10. 


16. 


25 


p.m. 


0.4 


76 


24-2 


193 


1887. 


II. 


2 


2. 


8. 


14 


p.m. 


0.8 


118 


287 


290 






Me 


in. 








0.95 


154 


212 


228 



I 



1 

J 



Macro-seismic Measurement in Tokyo. III. 

By 

F. OMORI, D. Sc., 
Member of the Imperial Earthquake Investigation Committes. 

1. Introduction. 

The present paper, which is to be regarded as a supplement to 
the preceding, contains lists of the strong earthquakes observed in 
Tokyo, with some notes on the range of motion and the period of 
vibration of earthquakes at the Central Meteorological Observatory. 

2. Strong Earthquakes observed at Hitotsubashi 

and Hongo. 

The following is a listf of the stronger earthquakes observed at 
Hitotsubashi and Hongo since 1884. 

Eqke of Oct. 17th 1884 : 4.21.54 a.m.* Hitotsubashi. 

This was a severe earthquake which caused some slight damage 
in Tokyo. The origin was, when judged from the isoseismal curves 
situated at about 200km toS60° Eof Tokyo, namely, at about lat. 35° \ r 
and long. 14l°£ E. The motion was already large in the preliminary 
tremor, the 2a being 3.9 mm in the EW and 1.6 mm in the NS 
component. Then there followed suddenly a large vibration, whose 
first displacement was 13 mm in the direction S 60° E, and whosi* 



t Not including a few earthquakes whose measurement was n *t satUtactory. 
* An account of thia earthquake by the late Professor Sekiya is to given in the Ja;>ui39* 
Transactions of the Seis t Soc. Japan, No. 3. 



Thereafter large pendulum oscillations of the steady masses of the 
(seismograph set in, and the subsequent earthquake motion was not 
measured satisfactorily. 

Kqke of Sept. 5th 1887 : 3.23. 23 p.m. Hongo. 

This was an extensive earthquake whose submarine origin, 
inferred from the isoseismal lines, was about 125 km to S So'' E of 
Tokyo, at about lat. 35° 33' ond long. 141° 10' E. 

In the preliminary tremor, which lasted 15 see., the mux. E\V. 
XS ami vertical movements were respectively '■'>.'! nun. 2.2 mm :nir] 

• Aii uti-uiint of ti,.K Hirlli'iuitku Ijv the Lat« I'ruf eis u r iikij;i U in ihe Jsur. So 

Cell., Iu.[.. L niv .'loli... Vol. I.a&tlalw ill Trails, fcris. Stc. Japan, Vol. XI. 
t Ket-cr.iL-.! I.j a rf,-.w;r mi. :;.,« „ ,>ni. .ij Ji. 
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0.3 mm. Then there followed suddenly the following well defined 
maximum vibration : — 

2a=15.0 mm, T =3,0s, direction N 84° E. The- subsequent 
motion was much smaller. The maximum vertical motion was 
0.5 mm. 

Eqke of Feb. 2nd 1888 : 1.15. 15 p.m. Hongo. 

The max. 2a was 2.0 mm in the EW and 1.0 mm in the NS 
component, the period being 1.4 sec. The average period of the 
principal waves was 1.1 sec. 

Eqke of April 29th 1888 : 10.0.33 a.m. Kongo. 

The max. 2a in the preliminary tremor was 0.5 mm in the EW 
and 0.3 mm in the NS component. 

max. 2a=2.0 mm, T =1.0 s. (EW compt) ; 
,, =1.1 mm, T =1.2 s. (NS compt). 

Eqke of Feb. 18th 1889 ; 6.27 45 a.m. Hongo. 

During the preliminary tremor, the max. 2a was 0.8 mm in the 
EW and 0.7 mm in the NS component. In the principal portion, 
the maximum movements were as follows : — 

Principal undulationl max - 2a = 41 mm ' T o= (EW), 

principal unauiationj ^ =2 g ^ Tq==1 6Q B (Ng) 

ni W ie - \ „ =1.65 mm, T =0.6 s (NS). 

Eqke of Dec. 24th 1891 : 5.33. 14 a.m. Hongo. 
The following vibration (period=1.5 s) took place immediately 
after the preliminary tremor : — 

1st disolacement/ 1 mm toward W ' 2,7 mm toward N ; 
ist ^sp^cementj^^j^^ 2a==2 9 mm> direclion N 20 - W 

2nd disnlarementl 2,1 mm toward E > 8 - 3 mm toward S ; 
2nd displacement| resultant 2a=8>6 mm> direction s l4 - E> 

Eqke of June 30th 1892 : 7. a.m Hongo. 

During the preliminary tremor, the max. 2a was 0.9 mm in tha 
EW and 1.1 mm in the NS component. 



sec. Max. vertical 2a— 10 mm. 

Eqke of June 20th 1894 ; 4.22. 44 p.m. Hongo. 

The preliminary tremor during which the max. 2a was 0.2 mm 
in the EW and 0.3 mm in the NS component, was suddenly followed 
by a prominent single maximum movement in each horizontal com- 
ponent : — 

2a = 3.3 mm (EW), 2a=3.S mm (NS), period = 0.78 sec. 
Same etjke. Hitotsubashi.j 



• See Hie PuMitutioa*, So. i, 
t Observed in a [>it 30' deBp. 
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The preliminary tremor whose max. 2a was 1.0 mm in the EW 
and 0.9 mm in the NS component was succeeded by the following 
well defined maximum vibration : — 

2a = 9 mm (EW), 2a=6.5 mm (NS), period=1.0 s. 

Eqke of Aug. 29th 1894 : 7.55. 18 p.m. HitotsubashiS 
Max. 2a=3.6 mm, period = 1.3 s (EW), 
„ =3.5 mm, „ =1.04 s (NS). 

Eqke of Nov. 30th 1894 : 8.30, 57 p.m. Hitotsubashi.* 
Max. horizontal 2a=10.5 mm, period=1.0 s. 

Eqke of Jan. 23rd 1895 : 2.12. 30 p.m. Homjo. 

The preliminary tremor lasted 7.2 sec. The max. movements 
were as follows : — 

2a=1.4 mm, period=0.49 s (EW), 
„ 1.0 mm, ,, 0.54 s (NS), 
,, 0.3 mm, „ 0.60 s (vertical). 

Eqke of Feb. 23rd, 1896 ; 7.41. 47 p.m. Hongo. 

An earthquake at a distance, whose preliminary tremor lasted 
40 sec. 

Max. 2a=10 mm, period=1.9 sec. 

Eqke of March 6th 1896 : 11.51.31. p.m. Hongo. 
Max. 2a=2.2 mm, period=0.43 s (EW), 
3.2 mm, „ 0.43 s (NS). 



* Observed in a pit 30' deep. 



The results are sum Diarized in the following table. 



■ 
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TABLE I. — STRONG EARTHQUAKES OBSERVED AT 

HITOTSUBASHI AND HONG-O. 







Duration of 
preliminary 
tremor (sec.) 








Date. 


Timrt of 
occurrence. 


Max. 
horizontal 


Period of 
max. hor. 


Direction of max. hor. 
motion, etc. 




2a (mm). 


2a (sec.) 



H itotsiilMtstii. 



Oct. 17, 


1884. 


4.21.54 a. 


Jan. 15, 


1887. 


6.52.0 p. 


June 20, 


1894. 


4.22.44 


Aug. 29, 


»» 


7.55.18 


Nov. 30, 


»» 


8.30.57 


Mar. 6, 


1896. 


11.51.31 


April 24, 


tf 


10.49.56 a. 


May 6, 


1897. 


6.46.35 


-Tel). 40* 


tt 


A A 1 O ?J v\ 
4.41. 6 9 p. 


April 23, 


1898. 


8.37.0 a. 


Spnfc a 

UCUu. tjf 


1837 




Feb. 2, 


1888. 


1.15.15 


April 29, 




10.0.33 a 


Feb. 18, 


1889. 


6.27.45 


June 30, 


1892. 


7. 


Dec. 24, 


1891. 


5.33.14 


June 20, 


1894. 


2.4.10 p, 


June 20, 


tt 


4.22.44 


Jan. 23, 


1895. 


2.12.30 


Feb. 23, 


1896. 


7.41.47 


Mar. 6, 


tt 


11.51.31 



m. 



in. 



m. 
w 



About 9. 
6. 


42.0 
54.0 

(9.0 (EW) 
(6.5 (N8) 
(3.(5 (RW) 
(3.5 (NS) 

10.5 


2.0 
0.97 

1.00 

(1.30 (EW) 
(1.00 (NS) 

1.00 


N 60° W. 

/Initial motion of the 
principal portion « 
27 mm, direction 

(S 75° W. 




(4.5 (EW) 
(3.6 (NS) 


(0.88 (EW) 
(0.87 (NS) 






(3.8 (EW) 
(4.4 (NS) 


{o.79 (NS) 






(4.5 (EW) 
(3.9 (NS) 


(1.4 (EW) 
(1.7 (NS) 






(1.7 (EW) 
(2.8 (NS) 


(1.2 (EW) 
(IG (N8) 






8.2 (EW) 


2.3 (EW) 





Hongo. 



in 



in. 



15 



10.5 



5.9 
7.2 
40.0 



15.0 

2.0 (EW) 
1.0 (XS) 

2.0 (EW) 

1.1 (NS) 



3.0 
1.4 

(1.0 (EW) 
(1.2 (NS) 



(4.1 (EW) |( - 
(2.8 (NS) ;(1.6(NS) 



32.4 ; — 
1.5 
1.8 
0.78 



8.6 
73.0 

3.3 (EW) 
3.8 (NS) 

{1.4 (E W) 
1.8 (NS) 
0.3 (V) 

10.0 (EW) 

2.2 (EW) 
3.2 (NS) 



0.49 (EW) 
0.54 (NS) 
0.60 (V) 

1.9 

0.43 (EW) 
0.43 (NS) 



N84°E. 
Average periods* 



/Aver 
V l.l 



sec. 



) 



Rippl68: — 

2a=2.4(EW), T = 

2a- 1.7 (NS), T= 
* 0.6 8. 

N 57° W. 
S 14° E. 
S 70° W. 



while the period varied between 1.1 sec. and 1.9 sec, giving a mean 
value of 1.6 sec. ; 

in four cases, the max. 2a varied between 2.0 mm and 3.8 mm, 
while the period varied between 0.43 sec. and 0.7M sec, giving a 
mean value of O.oS sec. 

in the remaining one case, the max. 2u was 15 mm, while the 
period was 3.0 sec 

Excepting the last ease which evidently belongs to waves of slow 
periods, we thus find the mean value of the period most frequently 
occuring is l.(J sec, and that next frequently occurring is 0.nS 

* Tilt- pit olisrrvfitieriK ex. hi dull. 

t The inteusiij- of ordinary or non-tl-stitu:! it.' eartinjiuLki-.-i is dis( in^nisln-,1 as Might, iteuk 
or rtrunp. See tilt I'ublic itiuw, No. 10. p. iii. 
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sec. These two values may, for the sake of convenience, be 
denoted by the symbols t/ and t 2 ' respectively. It will be noted that 
the max. 2a h belonging to the t 2 ' class were, in the present instance, 
all less than about 4 mm, while large 2a's, such as 10 mm and 
73 mm belonged to the t/ class. Hence I believe that large strong 
and destructive (horizontal) earthquake movements at Hongo, or 
generally in the higher part of Tokyo, will have a period belonging 
to the t/ class, that is to say, not much different from 1.6 sec. 

If the two periods denoted by t/ and t,' for Hongo correspond to 
the two denoted by t, and t 2 for Hitotsubashi, we see that the period 
t./ is shorter than t 2 in the ratio of about 6:10, while the two slower 
periods t, and t/ do not much differ from one another. This can 
probably be explained on the ground that slow period vibrations have 
large wave lengths and consequently their amplitudes do not much 
differ in adjacent districts of different formations. In fact, it is clear 
from the horizontal pendulum records that, with slow undulations of 
periods greater than 6 or 7 sec, there is no difference at all between 
Hongo and Hitotsubashi. 



3. Strong Earthquakes observed at the Central 
Meteorological Observatory. 

The following table gives the elements of motion of the 56 
stronger earthquakes observed between Jan. 1885 and Dec. 1897 at the 
Central Meteorological Observatory, in which the maximum horizontal 
motion was greater than 1.5 mm.* 



* I have omitted several cases of large earthquake motion, in which the period was above 
2 sec, as such slow movements can not be satisfactorily recorded by Gray-Milne seismographs. 
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TABLE II.— (Continued). 



Date. 


Time of 
occurrence. 


Max. 

hor. 2a 
(mm). 


T. 
(sec). 


y 1 mm \ 


A ( JHHL) 

\ 8« / 


Dura- 
tion. 


Max. 

vert. 2a 
(mm). 


1894. VI. 20 


2. 


4. 


10. 


pin. 


76.0 


1.3 


183.0 


888.0 


m 8 

A A f\ 

4.48 


18.0 


tt 


„ 25 


5. 


15. 


36. 


pm. 


4.8 


0.8 


loo 

18.8 


148.0 


1 A P 

1.45 


0.7 


tt 


VII. 17 


11. 


1. 


21. 


pm. 


1.7 


7 


10 8 


68 5 


3 27 


6 


>9 


VIII. 29 


7. 


55. 


18. 


pm. 


1.8 


1.8 


3.1 


11.0 


6.00 




ft 


XI. 30 


8. 


OA 

30. 


57. 


pm. 


5.0 


0.6 


26.2 


274.2 


2.27 


1.7 


ft 


XII. 31 


10. 


7. 


4 Cm 

42. 


am. 


1.8 


1.6 


3.5 


13.9 


3.5 


— 


1895. I. 18 


10. 


48. 


24. 


pm. 


41.0 


0.9 


143.0 


997.2 


A A 

4.4 


11.0 


tf 


„ 23 


2. 


J 2. 


30. 


pm. 


2.4 


0.7 


10.8 


96.5 


2.10 


0.6 


ft 


IX. 24 


1. 


48. 


10. 


am. 


1.7 


0.6 


8.9 


93.0 


1.8 


S light. 


»» 


X. 11 


3. 


11. 


53. 


pm. 


6.1 


0.2 


m /""V 

95.8 


3004.0 


0.55 


1.3 


1896. I. 10 


1 1 
1 1. 


OA 


OQ 
GO. 


am. 


1.7 


1.3 


4.1 


19.9 


4.22 




it 


„ 22 


4. 


43. 


40. 


am. 


2.3 


0.5 


14.5 


181.6 


2.50 




it 


II. 23 


7. 


41. 


47. 


pm. 


3.7 


1.0 


11.6 


73.0 


3.55 


— 


tt 


III. 6 


11. 


51. 


31. 


pm. 


4.3 


0.6 


22.5 


236.0 


2.00 


0.4 


tt 


IV. 11 


10. 


59. 


49. 


pm. 


1.5 


0.3 


15.7 


^X ^X 

329.0 


2.52 


A*\. /"V 

0.2 


»* 


24 


10. 


49- 


56. 


am. 


2.5 


0.7 


11.2 


100.7 


2.6 


0.2 


» y 


V. 17 


3. 


39. 


59. 


am. 


1.8 


1.2 


4.7 


24.7 


2.20 


0.2 


tt 


VII. 29 


5. 


43. 


36- 


pm. 


3.2 


0.8 


12.6 


98.7 


2.1b 


0.2 


tt 


VIII. 1 


11. 


49. 


4. 


am. 


Cm Cm 

2.2 


0.8 


8.6 


67.9 


2.7 


0.3 


it 


20 


6. 


5. 


37. 


pro. 


2.9 


0.3 


30.4 


636.0 


0.50 


0.2 


it 


XII. 17 


1. 


17. 


25. 


am. 


1.9 


0.2 


29.8 


938.0 


0.47 


04 


189 


7. 1. 17 


0. 


49. 


28. 


am. 


A S\ 

4.0 


0.7 


1<.9 


161.1 


3.32 


0.3 


tt 


II. 7 


4. 


38. 


33. 


pm. 


1.7 


0.7 


7.6 


68.5 


5.47 




tt 


II. 20 


5. 


49. 


37. 


am. 


22.8 


1.5 


47.4 


200.0 


5.13 


2.6 


ft 


,. 28 


1. 


14. 


58. 


am. 


31 


1.4 


7.0 


31.2 


2.20 


0.2 


it 


V. 23 


9. 


23. 


00. 


pm. 


1.7 


1.7 


3.1 


11.6 


2.40 


S light. 


ft 


VII. 22 


6. 


31. 


44. 


pm. 


7.3 


1.3 


17.6 


85.3 


4.34 


0.3 


tt 


VIII. 16 


4. 


53. 


33. 


pm. 


3.0 


1.0 


9.4 


59.2 


3.00 




tt 


X. 2 


9. 


45. 


19. 


pm. 


1.8 


1.0 


5.7 


35.5 


3.25 


0.2 



sec. to 0.8 sec. ; the 2a's belonging to this group varied between 1.6 
mm and 5.0 mm, giving a mean value of 2.8 mm, as follows : — 

5.6, 5.0, 4.8, 4.3, 4.1, 4.0, 3.2, 2.5, 2.4, 2.4, 2.2, 1.8, 1.7, 
1.7, 1.7, 1.7, 1.0, 1.5 mm. 

The 2a's of the vibrations with periods of 0.2 sec. to 0.5 sec, 
varied between 1.5 mm and 6.1 mm, giving a mean value of 2.9 mm, 
as follows : — 

(5.1, 3.5, 2.9, 2.8, 2.6, 2.3, 1.9 1.9, 1.5 mm. 
Thus it will be seen that the mean values of the vibrations with 
periods of 0.2 sec. to 0.5 sec. and of O.fi see. to 0.S sec. are respectively. 
2.S nun and 2.9 mm, the maximum 2a's being in the two cuscs 6.1 
ruin and 5.6 nun. Hence it is extremely probable that great 
destructive movements would have periods longer than those here 
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considered. In fact there are, among the 56 earthquakes, six in 
which 2a was very great, as follows : — 



TABLE IV. 



Max. hor. 2a (min). 


T„ (sec). 


76.0 


1.3 


41.0 


0.9 


28.4 


2.0 


22.8 


1.5 


16.2 


1.9 


7.3 


1.3 



Mean. 32.0 1.5 



The mean value of the period deduced from the cases of greatest 
movements (mean 2a=32 mm) is thus found to be 1.5 sec, which may 
be regarded to be not much different from the period of strong earth- 
quake motion at the ground of the Central Meteorological Observatory. 

The 2a's corresponding to periods other than those above 
considered varied between 1.5 mm and 5.1 mm, as follows : — 



TABLE V. 



Max. hor. 2a (uiin). 


T. (sec). 


Max. hor. 2a (mm). 


T„ (sec). 


5.1 


1.6 


1.8 


16 


3.7 


1.0 


1.8 


1.2 


3.6 


0.5 


1.8 


1.0 


3.3 


1.8 


1.8 


1.0 


3.1 


1.4 


1.7 


0.9 


3.0 


1.0 


1.7 


1.1 


2.6 


1.3 


1.7 


1.3 


2.5 


1.5 


1.7 


1.7 


2.4 


1.4 


1.5 


1.3 


1.9 


1.1 


1.5 


1.0 


1.8 


1.8 


1.5 


1.5 






2.3 


1.2 



reported by the Central Meteorological Observatory. 

Period. 

The Gray-Milne seismograph at the Central Meteorological 
Observatory, which was first used in Jan. 1885, has recorded during 
the next 13 years 1404 earthquakes of which 433 gave seismograms 
large enough to enable us to measure one or more elements of motion 
distinctly. The results, however, relating to a number of earthquakes, 
in which the period of the maximum vibration (T ) was long, must 
be regarded in general as unsatisfactory, because ordinary Gray- 
Milne seismographs do not record accurately vibration* of periods 
much above 2 sec. Confining, therefore, our attention to those cases 
in which the period of the maximum vibration was less than '1 sec, 
we find 'Mi'2 earthquakes ; the pjriod distribution b.'ing as follows : — 
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TABLE VII. 



Number of cases. 


']'. (sec). 


Number of cases. 


T„ (sec.). 


4 


0.1 


11 


1.1 


21 


0.2 


20 


1.2 


25 


0.3 


13 


1.3 


22 


0.4 


12 


1.4 


34 


0.5 


12 


1.5 


29 


0.6 


5 


1.6 


35 


0.7 


4 


1.7 


46 


0.8 


10 


1.8 


21 


0.9 


3 


1.9 


27 


1.0 


8 


2.0 



The mean value of T deduced from all these 362 cases is 0.84 

sec. 

From the above table it will be seen that the values of T c most 
frequently occurring is between 0.5 sec. and 0.8 sec, there being 144 
cases corresponding to these periods, which are equivalent to about 
40% of the whole number. The periods occurring next frequently 
are those between 0.2 sec. and 0.4 sec. and between 0.9 sec. and 1.5 
sec. On the whole, the number of the cases corresponding to the 
periods between 0.2 sec. and 1.5 sec. amount to 328, which is 
equivalent to about 91% of the whole. These results are summarized 
in the following table : — 



TABLE VIII. 



Period. 


Number of cases. 


% amount. 


sec. sec. 






0.1—0.4 


72 


20 


0.5—0.8 


144 


40 


0.9—1.2 


79 


22 


1.3—1.6 


42 


12 


1.7—2.0 


25 


7 
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The above relative frequency of the different 2a's are more shortly 
given in the following table. — 



TABLE X. 



Max. hor. 2a (mm). 


Number of cases. 


% amount. 


IUU1. U1U1. 

0.2—0.5 


216 


59.1 


0.6—1.0 


70 


19.2 


1.1 — 1.7 


26 


7.1 


] .6—2.0 


20 


5.5 


2.1—2.5 


8 


22 


2.6—3.0 


5 


1.4 


3.1—3.5 


4 


1.1 


3.6—4.0 


3 


0.5 


4.1—4.5 


3 


0.8 


4.6—5.0 


2 


0.5 


5.1—5.5 


1 


0.3 


5.6—6.0 


1 


0.3 


6.1—6.5 


1 


0.3 



As will be seen from the above table, the great majority fall 
betw r een 0.2 mm and 0.5 mm and between 0.6 mm and 1.0 mm, the 
number of cases corresponding to these two groups being 216 and 70, 
which are respectively 59.1% and 19.2% of the whole. 

PI. Ill and PI. IV illustrate graphically the results contained in 
Tables VII and IX respectively. 
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A Horizontal Pendulum Tromometer. 

By 

F. Omori, Bigakushi, Rigalwhakushi, 
Member of the Imperial Earthquake Investigation Committee. 

With Plates I- VI. 

The tromometer, which is intended to register only very small 
horizontal movements of the ground and whose mechanical details are 
given in Pis. I to III, is similar in essential constructive principles to 
the horizontal pendulum apparatus of 10 to 20 times magnification 
in use since some years.* 

The strong cast iron stand A (figs. 1, 2, 3, and 4), from whose top 
the heavy mass B is suspended bifilarly, is 120 cm in height and about 
50 kg in weight, and is furnished with three levelling screws, being 
fixed to a stone foundation plate by means of two bolts. For facilitating 
the setting up of the stand, one of the holes, through which the bolts are 
passed, is made oblong. (Fig. 3.) 

The pendulum bob B is a brass cylinder 16 cm in height and 20 
cm in diameter, filled with lead, which is pivoted to a strong frame by 
means of two screws fitting into two small conical holes at the centres of 
its upper and lower ends. The frame consists of a vertical rectangle 
B' of iron bars, attached at its middle to a horizontal circle B", also 
of iron ; the latter being furnished with a pair of steel hooks pivoted at 
the end of its diameter normal to the plane of B'. The cylinder B 
weighs 42i kg and its frame 7 kg, the two together amounting to 494 

kg- 

The pendulum strut is a short iron tube C, l£ cm in diameter and 
of such a length tliat the distance between the centre of the heavy bob 
B and the point of support is 20 cm. The strut is furnished with a well 

* See the Publications, No. 5, and also the Jotir. Sc. Coll. Imp. Univ., Tokyo, Vol. XI. 



in the stirrup J", through which tho plate I passes, secure the latter 
to the plate J. 

The right-angled prism G is so perforated as to allow tho free 
passage through it of tho screw E. Rectangular cuttings K and L are 
also for the same purpose made in the two plates I and J. Tho latter 
plale is fixed to the top of tlie cast iron stand A with such an inclination 
that the plane of the suspension wires is at right angles to the knife 
edge. The vertical distance batwesn the point of suspension and that 
of support of the pendulum is 112 cm. 

Tiii vuKjnifijhirf arrangement. (Figs. 1, 2, 2', 4, 6 and C.) l'or 
magnifying the earthquake motion, tho horizontal pendulum is furnished 
with a light trianglar pointer of aluminium M, carrying at tho end a small 
[T-shapod brass frame AT. Uotwreu the two limbs of the latter is 
pivoted a highly polished steel axis M", 2 mm in diameter and 3 cm in 
length, which can rotate very easily. The horizontal distance between 
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the axis M" and the centre of the heavy cylinder B is 1 m, or five times 
that betwo9u the latter and the point of support. As the centre of the 
bob B is the steady point with respact to a displacement normal t:> the 
pendulum plane, the earthquake motion would be registered 6 times 
magnified, if a writing index be attached to the axis M". Instead of 
this, there is a second magnifier, consisting of a small steel axis N, about 
2 mm in diameter and 4£ cm in height, to which a light lever N' N" is 
attached. The longer arm N' of the lever consists of a thin bamboo 
piece, while the shorter forked arm N' ' is of brass. The axis N, pivoted 
between two small conical steel sockets fixed in an inverted brass stirrup 
O, is adjustable along the horizontal rod P of the same metal. The 
latter is fixed in proper azimuth and height by means of a screw P' to 
a stout iron cylinder Q rising from a cast iron truncated cone Q\ which 
is furnished with three levelling screws and rests on the ground. 

Between the two limbs of the shorter arm N of the magnifyiog 
pointer there fits exactly the steel axis N' ' at the end of the aluminium 
prolongation N. On the other hand, a small U-shaped elastic frame of 
brass at the end of the bamboo arm carries an exceedingly light hinged 
writing index made of a thin triangular piece, about 5 nigra in weight, 
cut from a watch spring. The point of the index rests on the record- 
receiving smoked smooth paper wrapped round a light wooden drum R. 
The effective lengths of the two arms of the pointer, or the distances 
NA1" and NN," are respectively 15 mm and 30 cm, the motion being 
thus magnified altogether 20 x (3 = 120 times. 

The wooden drum R, which is of the same construction as in the 
older apparatus, makes one revolution in about 30 minutes. 

Pressure at tlie point of support. Let p denote the pressure at the 
point of support of the pendulum, and f the aggregate tension of the 
two suspension wires D. We have then the relation : — 

p= fFtana, /= W ; 

COSH 

where W denotes the total weight of the heavy bob, and a is the angle 
between the plane of the two wires D and the vertical plane, or more 



port be attached at the base. By such a means, the period of oscillation 
would be raised to some ll minutes, while the pressure }> is also 
lessened in an inverse proportion to the height between the points of 
suspension and of support. 

Sensibility of the apparatus. The instrument is highly sensitive to 
tremors, pulsatory oscillations, and comparatively quiet period earth- 
quake vibrations. When, however, the movements of the ground are 
very slow, say, of period greater than il'l seconds, the record is not 
much larger than those given by a 15-times magnification apparatus, 
the reason being that the independent multiplication-pointer X (tigs. 1, 
2, etc.) exercised, in such cnwn, n considerable friction at the end ..f the 
aluminium frame XI. This defe.t may be remedied to some estout by 
increasing, say to twice the anion:. t, the weight nf tho heavy bib, which 
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may be done without much danger of flattening the point of suspension. 
On the whole, the present instrument is, in its capacity as a tromometer* 
superior to the others which I have so far constructed. 

Suggestions for increasing the sensibility. For the use in a standard 
seismological observatory, we may increase the weight of the heavy mass 
to 150 or 200 kg, and the distance between the end of the aluminium 
frame and the steady point to 2 m ; the length of the strut remaining 
the same as before. If the multiplication ratio of the independent mag- 
nifying pointer be made 30, the total multiplication would be 330 times. 

RECORDS. 

The observation with the tromometer described above has been made 
since June 1902 in the " Earthquake-proof House " at Hongo (Tokyo). 
Recently similar instruments were set up in two other stations in 
Tokyo, namely, the Seismological Observatory at Hitotsubashi and the 
Central Meteorological Observatory. 

In Pis. IV to VI, a few Hongo diagrams given by the tromometer 
of 120 times magnification are compared with the corresponding ones 
given by 10 or 15 times magnification horizontal pendulums. The 
movements recorded will be found to be, in each case, practically pro- 
portional to the multiplication ratios of the pointers of the different 
instruments. 

Fig. 7 (PI. IV) gives the earlier portion of the earthquake of Oct. 
13th, 1002, at lh 19m 35s p.m., which originated off the north-eastern 
coast of Honshiu (Main Island) and w r as registered as unfelt earthquake at 
several meteorological observatories by means of ordinary Gray -Milne 
seismographs. 

Fig. 8 (PI. IV) gives the earlier portion of the earthquake of July 
28th, 1902, at lib 7m 33s p.m., which was felt wzakly along the south- 
eastern coast of Hokkaido and at Aomori, and slightly in the north-eastern 
part of Honshiu. 



* In ense of n moderate local earthquake, or of a large distant earthquake, the registered 
motion is already too great, and the pointer gets out of the record-receiver. 
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Fig. 10. PULSATORY OSCILLATIONS ON OCT. 7-8, 1902. 
(PART OF THE E W COMPONENT DIAGRAMS). 
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LIST OF PLATES. 

[A Horizontal pendulum tromometer ; Multiplication^ 120 '.] 

PL I. Fig. 1. Front elevation. Fig. 2. Side elevation. 
PL II. Fig. 3. and Fig. 3'. The elevations and plan of the cast iron 
stand. 

Fig. 4. The heavy bob of the pendulum and its aluminium 
pointer. 

PL III. Fig. 6. The mechanism at the top of the cast iron stand for 

suspending the pendulum. 
Fig. G. and Fig. 6Y The magnifying pointer and the pointer- 
holder. 

[Diagrams obtained at Hongo, Tokyo ; EW Component.] 

PL IV. Fig. 7. The earthquake of Oct. 13th, 1902 ; lh 19m 35s p.m. 

(a) Record f rorn the tromometer. 

(6) „ „ a horizontal pendulum apparatus ; multipli- 
cation =10. 

Fig. 8. The earthquake of July 8th, 1902 ; llh 7m 38s p.m. 

(a) Record from the tromometer. 

(b) „ „ a horizontal pendulum apparatus ; multipli- 
cation = 15. 

PL V. Fig. 0. The preliminary tremor of the Turkestan earthquake 

of Aug. 22nd, 1902 ; Oh 9m 42s p.m. 

(a) Record from the tromometer. 

(b) „ „ a horizontal pendulum apparatus ; multipli - 
cation = 10. 

PL VI. Fig. 10. Pulsatory oscillations on Oct. 7th-Sth, 1902. (Parts 

of the EW component diagrams.) 

(a) Record from the tromometer. 

(b) „ „ a horizontal pendulum apparatus ; multipli- 
cation = 10. 

In Figs. 7 to 10, the time marks correspond to successive minutes. 



dimensions of the columns and the range of the earthquake motion,"' and 
by classifying the former into laiye and *maW ones, as follows 

fa) Large columns, nr those whose dimensions, (that is to say 
the height and the thickness), are sufficiently large in com- 
parison to the earthquake motion ; 
(6) Small columns, or those whoso dimensions are not very 
much larger than the earthquake motion. 
3. The earthquake motion. I give here some of the results of the 
macro-seismic measurements made in Japan. 

jn) In the great Mino-Owari earthquake of Oct. 28th, 1891, the 
maximum horizontal motion at Xugoya was about 23IJiniu, tho 
period being probably about l.iJ sec. (See my "Note on 
the Miuo-Owari earthquake," the T ' uWraihiix, Xo. 4.) 
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(b) In the great Tokyo earthquake of June 20th, 1894, the 

strong motion seismograph in the Seismological Institute 
(Hongo, Tokyo) gave the following results : — 
Maximum horizontal motion = 73mm, 
Period of max. hor. motion = 1.8sec.,* 
Maximum vertical motion = 10mm. 
(See Sekiya and Onion's paper " The diagram of the Tokyo earth- 
quake, etc.," the Publications, No. 4.) 

(c) As an example of the measurement of ordinary small 

earthquakes, I quote here the results obtained by the late 
Professor S. Sekiya.t During the two years, Sept. 1885 
to Aug. 1887, he measured in Tokyo 119 earthquakes with 
Ewing's seismographs. Of these, 95 measured at Hito- 
tsubashi gave the following average results : — 
Maximum horizontal motion = 1.2mm, 
Period of max. hor. motion = 1.0sec. 
Again, the 18 earthquakes recorded at Hongo gave the following 
average results : — 

Maximum horizontal motion = 0.37ram, 
Period of max. hor. motion =0.76sec. 
The vertical component motion was always much smaller than the 
horizontal. (See Professor S. Sekiya's paper " Earthquake measure- 
ment, etc.," Jour. Sc. Coll., Imp. Univ. Tokyo, Vol. II.) With respect 
to the Tokyo earthquake measurements, it is to be remarked that at 
Hongo the ground is^ high and consists of hard loam, while at Hitotsu- 
bashi it is low and very soft. 

(d) As illustrative of the earthquake measurement at a rocky 

district, I shall summarize the results obtained at the 
Miyako Meteorological Observatory (in the province of 
Rikuchu), which is situated on a small promontary of a 

* Period means always the complete period. 

"f The reader is referred also to my recently published reports on the Tokyo macro- 
seismic measurements, the Publications, Nos. 10 and 11. 



Maximum vertical motion = 1.3mm, 
Period of mas. vert, motion =0.9sec. 
(See Oiuori and Hiratn's paper: " Earthquake Measurement lit 
Miyako," Jour. Sr. Col!., Imp. Lm'i: Tokyo, f'ol. XI.) 

(e) Finally, :is an example of earthquake measurement at a 
sandy district, I take that at Kyoto. During about 5 
years, Jan. 1895 to March 1000, there were observed with 
a Gray-Milne seismograph 4S earthquakes, of which two 
were ntroinj and the rest all ureal- or dujht. The maximum 
horizontal motion varied between 0.1 mm and I4.0mii], and 
its period between 0.7 and 1.0 1 see. ; while the greatest of 
Hie maximum vertical motion was l.Oinm, the period 
varying between 0.'2- and 0.55scc. Tlie mean values were 
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Period of max. vert, motion = 



Maximum horizontal motion = 0.51mm (EW component), 

„ „ „ = 0.50mm (NS component), 

Period of max. hor. motion = 0.88sec. ; 
Maximum vertical motion = Small 

0.24sec. 
0.46sec. 

(See Omori and Tojima's paper, "Earthquake Measurement at 
Kyoto " [Japanese], Report of tlie Earthq. Inv. Comm., Vd. XXXII.) 

From what has been said above, it may be concluded that in ordinary 
tvedk and slight earthquakes, the average maximum range of motion is 
less than 1mm. When the range approaches 10mm, the motion becomes 
strong; when it is greater than some 50mm, the intensity becomes 
violent, brick buildings and chimneys being seriously damaged. Finally 
when the range reaches some 200mm, the earthquake will be very 
destructive. The period of vibration in the principal, or most strong, 
portion of an earthquake is about lsec. for weak and slight movements 
and between 1 and 2sec. for violent and destructive ones In strong 
and destructive earthquakes, there are, besides the principal or 
fundamental vibrations, some movements whose period is much shorter 
and whose amplitude much smaller, than those of the latter. Further, 
in large earthquakes, there are slow undulations of a long period. 
These two classes of movements, called ripples and pulsations respec- 
tively, are to be excluded from our present consideration, as they have 
but a small effect on the overturning of bodies. 

4. Large column. The dimensions of the column is supposed to 
be very large ; the height being, for the sake of simplicity, further 
assumed to be much greater than the thickness. The earthquake motion 
may then be regarded approximately as acting impulsively at the base of 
the column, that is to say, the latter would be overturned by rotating 
about its centre of percussion relative to the base. 

It is hereby to be remarked that the supposition respecting the 
magnitude of the dimensions of the column is virtually equivalent to the 
condition that the period of its rocking should be much longer than that 



i 



Such was actually the case in the great Tokyo earthquake of 18!J4, which 
was satisfactorily recorded instrumental!} - at Hongo. Further, the 
directions of overturning of various bodies were found to bo regular at 
Nagoya and other places in the ineizosp.ismal aira of the Mino-Owari 
earthquake of Oft. -28th 1801. So it was also the case in the cpicentra] 
hart of (lie Sh.jnai earthquake of Oct. -J.±vl. 1894. These facts lead to 
the conclusion that the character of motion in destructive earthquakes 
must In- comparatively simple, as above supposed. 
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Let ABCD (Fig. 1) be a rectangular column, resting on the ground, 
G being its centre of gravity. Let 2y and 2x be respectively the height 
and the thickness of the column ; y being supposed to be several times 
greater than x. If P is the centre of percussion of the column with 
respect to the base AB, its height is given by the following equation : 



If now the ground move suddenly from a to b (Fig. 2), the column ABCD 
would rotate about the point P as centre, and may be upset when the 
amount of rotation is so great that the centre of gravity G is brought 
vertically above the edge A, as shown in the figure. Let 0' be the 
point of intersection of the base AB and the vertical through the point 
P, then the distance 00' may be taken as representing approximately 
the range (=2a) of the earthquake motion. We obtain therefore 

~GT) ~P0 



OA 00' 

DG s r 

which gives the least value of the range (2a) of the earthquake motion 

necessary for upsetting a rectangular column of the dimensions 2y x 2x. 

Equation (1) shows that the value of the 2a depends not simply on 

the ratio — , but also on x. Hence the earthquake motion necessary 
x 

for overturning a column, whose height and base are in the ratio of 

JL 9 increases with the absolute dimensions of 2x and 2y. As an illustra- 

x 

tion, I give in the next table a few values of 2a corresponding to the 

ratio JL = 4. 

x 



•• Equation (1 ) is a slightly modified but practically identical form of a formula, which 
I have given in SHsm. Jour. Jap'tn, Vol. II. 



ON THE OVERTCIININO AND SLIDING OF COLUMNS. 15 

simply put on stone blocks fixed to the ground, bat would never be 

overturned as a whole by an earthquake, except in those cases when 

their ishigaki or masonry foundations give way. Further, they arc 

only little affected by earthquakes, since they are strong in structure 

and are essentially each a compact single l>ody, being much different 

from ordinary houses whose construction is so heterogeneous, that is 

to say, composed of a number of different frame works. Especially, 

gojunofo suffers so litt'e from earthqnakes, that people generally 

imagine that there must be some mysteiy in their construction for 

rendering them earthquake-proof. The principal reason lies, however, 

merely in the fact that their dimensions are large. 

Fig. 3. The GojGnoto at Asthma, Tokyo. 
(Ansei Enrthflnak*. 1<USS.) 



Brick factory chimneys are usually broken at about frd of the 
height. (See the Publications, No. 4.) Now it happens very often 



« 
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rotation. Numerous such cases occurred in the Tokyo earthquake of 
1894. (See the Publications, No. 4, pp. 117-124.). The following two 
cases relate to the Mino-Owari earthquake. 

Chimney of the Cement Factory, Nagoya. The top of the chimney, 
whose total height was 85 shakuf was broken in pieces and thrown 
down toward W and N. The remainder was fractured at three 
different heights ; the broken portions did not fall down, but rotated 
each slightly clockwise. 

Chimney of tJie "Kasojo" Gifu. The chimney, whose total height 
was 50 sJiakUy had its top portion, about 12 sliaku in length, broken 
and thrown down toward WSW to a distance of about 27 sliaku from 
the base. The remainder of the chimney was fractured at two differ- 
ent places ; but the broken parts did not fall down, each having 
slightly rotated clockwise. 

To determine the large of earthquake motion, necessary to 
overturn a chimney as a tchole, which can only occur when the 
tensile strength of the brick work at the base is nil, let us take as 
an example the chimney of the Oji Goryokyoku Factory, near Tokyo.* 
The section of the chimney, whose height was 100 ft, was circular; 
the external diameter being 13.4 shaku ( = 2x) at base and 7.2 shaku 
at top. The height (h) of the centre of percussion and the height (?/) 
of the centre of gravity, found by calculations, were 54.4 and 33.0 
shaku respectively. The earthquake motion ( = 2a) necessary for 
overturning the whole structure is therefore 

2a = -^xh= G7x54 - 4 =10,8 shaku, 
y 33.9 

which is much greater . than anything likely to occur in actual 
destructive earthquakes. 

The above calculation is of course to bo regarded as a gross 
approximation. Still we see that no earthquake motion, however 

t 1 shiku = 0.1)94 foot. 

* For the calculation of the seismic strength of this chimney, the render in referred 
to the Publications, No. 4, p. 123. 



largo bodies as chimneys, yojunotji, etc. The ripple; which often 
exist in iccak raid dmiuj earthquakes, have usually very Iiigh values 
of accelerations. These are, however, unable to produce the phe- 
nomena of overturning on account of the sumlluess of amplitude. 

10. Examples <y' columns overturned by airthqwtlcs. Figs. 6 and 
7, (PI. VIII), show respectively tomb stoues and a khiilom, at Sakata, 
overturned by the earthquake of Oct. '22nd 1894. 

To give an idea respecting the columns overturned, as well as 
those not overturned, by distinctive earthquakes, I shall next mention 
some of the cases observed at Nagoya and Ogaki, which were very 
severely damaged by tin- great shock of Oct, t!Sth 18!l] ; the number 
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Fig. 4. Rotation of the Bell Tower of AnjOji, Sakata. 

S70°JE 




Fig. 5. The Bell Tower of Anjiiji, Snkata. 
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Fig. 6. Overturned tomb stores, Sakata, 
Earthquake of Oct 22nd, 1934. 



Fig. 7. An overturned ishidoro, or stone limtern, (Sakata). 
Earthquake of Oct. 22ad, 1834. 
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of the dwelling Louses totally destroyed in these two cities amounting 
to 3 and 80% resp?ctively. The as given in the tables have been 
calculated from equation (3). 

Nagoya. 

(a) Observations at a temple called Paikdji. The temple, which 

is in the northern part of the city, was not much damaged, but 
inclined somewhat toward W. The temple gate, or sammon, which 
suffered only slight damage, such as falling down of plasters, was 
displaced bodily 45 mm toward W. Some ri the tomb stones 
observed were as follows. 



Form of 
Section. 


Sectional 
Area. 


Height. 


a=gx — 

y 

(mm/nec.2) 


REMARKS. 


Square 


cm 

30x30 


cm 

7G 


3900 


Not overturned. 








»» 


(Not overturned, but rotated 
j together with its pedestal (24 X 
47 x 47cm) 5° clockwise. 




33 x 33 


92 


3500 


Overturned. 




>» 






(Not overturned, but rotated 
clockwise. 


>» 

Rectangle 
(Longer Hide 
parallel N-S.) 


>» 

30x21 . 


96 
75 


3400 
2700 


Not overturned, but was dis- 
placed 2,5cm toward W. 

Overturned toward "W. 


» » 


30x19 


78 


2400 


»> 




34 x 25 


75 


3300 





( b ) Observations at a temple called Kenchuji. The temple, 
which is in the NE part of the city, was not damaged. There were 
several hundred well constructed tomb stones and ishidoro, which 
gave an excellent material for the determination of the direction and 
intensity of the shock ; there being no moat, cliff and tho like, which 



From tlie observations above given as well as from many others, 
I have e timated the intensities at the two cities of Nngoya and 

Ogaki to bo respectively 2600 and 3000 ~~ 
11. " Shaking Table " cxjMiri incut*. * 

A wooden box, whose height was 4S4 mm and whose section 
was '242x242 ram, was put on the nhihhuj IntJe and tried with the 
most violent motion which the latter was able to produce. Thus, in 
one experiment the maximum horizontal motion of the latter was 

mm 

2" = 11!> mm, T = 0.">1 sect maximum a<v<'lotati< >n — IN100 ■ .. ; 

sec.- ' 

while in another experiment, the niaximun motion was 2" — 120 mm. 
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mm 

T = 0.47 sec, maximum acceleration = 10700 : z . The column was, 

' sec. 

however, not overturned. 

That the acceleration of the shaking necessary for overturning a 
given column does not depend on the material of the latter has 
already been shown in the Publications, No. 4, p. 137, where brick, 
iron, and wooden columns were compared with each other. 

From these experiments as well as from the examples given in 
§ 10 we can form a fairly good idea respecting the bodies likely to 
be overturned in destructive earthquakes. Equation (3) is to be used 
when the basal dimension of a tall column is less than some 30 cm, 
while equations (1) and (2) are to be used when it is above the 
latter limit. 

SLIDING OF BODIES. 

12. A body, resting on the ground, is sometimes never over- 
turned by an earthquake, however strong, but suffers simply a 
displacement. 
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Let ABCD be a body, supposed for simplicity's sake, to be a 
rectangular solid, resting on the fractional surface AB ; G being the 



be not overturned, but begin to slide. Thus flat bodies, or those 
for which x is great iu comparison to //, are never overturned by an 
earthquake, but may suffer a sliding when the intensity of motion 
becomes sufficiently great. It is owing to tin's reason that in the 
areas of violent shakings some tomb stones, temple gates, tlozij (Jap- 
anese ware-houses), houses, etc., are displaced from their foundations. 
When the motion is sufficiently violent, the bodies may be projected. 
I give next some of the most remarkable examples of the displace- 
ment of bodies observed in the great Mino-Owari earthquake of 
18111 and the Shoiiai earthquake of 1804. 

10. Displacement of hhitlnro (Mino-Owari earthquake |. 

(«) At the village of Kudokmn, in the NOV Valley* province 
of Minn, there were, iu front of a small Knsnga temple by the mad 
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side, two similar ishidoro (Fig. 11, a) with cylindrical stems, whose 
condition after the earthquake indicated the great violence of the 
shock, both columns having been scattered about except their founda- 
tion stones fixed to the ground. 

One of the ishidoro (Fig. 11, b) had the stem and the upper parts 
projected toward N8C°W, while the two base plates B and C were 
together thrown towards NW ; the plate B, whose centre of gravity 
in the displaced position was 2' f>" from the original, having got 
entirely out of the foundation stone A. 

The other ishidoro (Fig. 11, c) had its stem and the upper parts 
irregularly projected toward NE, except the top plate which fell 
toward E. The two base plates were thrown toward opposite 
directions, namely, the upper plate C toward N35°W and the 
lower plate B', composed of two halves, toward S40°E. Tl:o centre 
of the latter p,ate was displaced 40cm. while the displacement of 
the former plate amounted to more than 38cra. 

(b) (PI. X.) On a hill to the east of the village of Naliamura, 
also in the Neo- Valley, a small temple was thrown down eastwards. 
In front of the temple there were two similar ishidoro (Fig. 12, a) 
with square stems, which were shattered in a remarkable manner by 
the shock. 

Of the two ishidojo (Fig. 12, b)/one had its stem thrown toward 
W aud the upper parts toward E. It is hereby to be noted that 
these directions of overthrowing were not normal to the faces of the 
foundation plate, whose sides were parallel to N30°W-S30°E and 
E30°N-W T 30°S. The base plate B, whose centre of gravity was 
moved V 3" from the old position, got nearly out of the foundation 
plate A fixed in the ground. 

The other ishidoro (Fig. 12, c) had its stem and upper parts 
thrown toward E. The base plate B was displaced about 9" toward 
W on the foundation plate A'. 

The directions in which these two ishidoro were overturned or 
displaced were not normal, but parallel, to the contour lines of the 
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hill ; so that in this case, the direction of the earthquake motion was 
not modified by the slope of the ground. 

14. Displacement of " sammon" (temple gate) and ware houses.* 
(Mino-Owari earthquake). 

(a) (PI. XI.) At Kimbara, in the Neo- Valley, which together 
with the two villages of Kodokoro and Nakamnra above mentioned 
was in the most strongly shaken zone, there was produced a fault 
across the village ground and all the buildings were destroyed with 
the single exception of the temple gate (Fig. 13, a), which essentially 
consisted of six strong vertical posts, each 12 shaku high, supporting a 
tiled roof. The base of each post rested on a circular disc of stone, 
which in its turn rested on a small square foundation stone fixed to 
the ground. The temple gate, which suffered no damage except the 
shaking down of some tiles from the edges of its roof was displaced 
3 shaku towards ESE nearly in the direction of one of its diagonals 
(Fig. 13, c). From a close examination of the prints left clearly by 
the feet of the posts on the ground which was soft, I have ascer- 
tained that the displacement was the result, not of a gradual sliding, 
but of two successive jumpings or projections (Fig. 13, d) ; the first 
projection having, however, brought the structure near to the final 
position. The circular base stones suffered also displacements, 
but were left not far from their initial positions. One of the posts 
of the gate got after the displacement accidentally on a neighbouring 
base plate, evidently with a considerable force, as the latter, 6 
inches thick, was entirely buried in the ground. This shows that at 
Kimbara both the horizontal and the vertical movements were very 
strong indeed. 

(b) At the villago of Oi, also in the Neo- Valley, there was, on 
a flat piece of ground cut in the slope of a hill, a small ware house 
(Fig. 14), which was 18 shaku long and 12 shaku wide, and which 



• Japanese wooden buildings consist generally each of a frame of beams simply pnt 
on stone foundations fixed to the ground. 
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FIG. 11. ISHWOBO AT KODOKORO, 
KEO-VALLEY, MINO. 

Earthquake of Oct. 28th 1891. 

(Dimensions are given in feet and inches.) 
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Fig. 12. 

ISHIDORO AT NAKAMURA, NEO- VALLEY, MINO. 

Earthquake of Oct. 28* 1891. 
(Dimensions are given in feet and inches.) 
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(cl) Before 0ue earthquake . 





( b) Overtturufig an/is lijApltwemtvUs 



Pub. Earihq. /nr. Comm., Mo. 12. PL XI. 



FIG. 13. THE SAMMON, OR TEMPLE GATE AT KIMBABA, NEO-VAIiLEY. 

Earthquake of Oct 28th 1891. 




(a ) Ths"3aminon''or tempi* (/cUr* . 




C 



a. 



•C ... 

3 *' 



f ; 



(d) Displacement of the two poets 
f andc'. pp are the foundation 
stones and qq the positions 
where the two bases rr original* 
ly rested ; dotted circles near / 
and c being the prints left by 
the Dosts. 



(c) a 9 V c' d' e'f are the old and 
abcde/ihe displaced positions 
of the gate posts. 
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consisted essentially of four vertical corner posts, supporting a 
thatched roof. The structure suffered no particular damage, but was 
shifted entirely off the foundation stones about 1 shxhi toward N60°W. 



Fig. 14 




| 't'VW . . . .Original position. 
I ( a h r (1 New position. 



CC' = 1' 

The displacement took place evidently by » single projection, as the 
feet of the posts were each buried about 1 inch iu the ground and 
there was no sign of a gradual sliding on the surface of the latter. 

15. Diytacement of a home. (Shonai earthquake). At the 
village of Asuka, in the province of Uzen, a dwelling house with 
plastered walls, and G0x30 sltaku in area, whose longer side was 
parallel S 38° W N 38° E, was found dislodged from the foundation 
stones and displaced 1.7 sltaku toward S 85° W. The village was in 
the epicentral zone of the Shonai earthquake. 

16. From examples given in 13-15, which are some of 
extreme cases found in very strongly shaken districts, we can form 
an idea respecting the displacements of wooden and other structures 
likely to happen in cases of very great earthquakes. 



May 11)00. Tokyo. 



Note on the Vibration of Chimneys. 

By 

F. Omori, Rigakushi, liigalculiakvshi, 
Member of the Imperial Earthquake Investigation Committee. 

With Plates XII-XVI7 

1. Introduction. The period of natural vibration or of rocking 
of a body is a very important factor in the discussion of the 
overturning and fracturing phenomena. If this period be much 
greater than that of the earthquake motion, the body may be 
regarded as rotating about its centre of percussion with respect to 
the base. In other cases, however, the body is to be supposed as 
being acted on by a force equivalent to the product of its own mass 
and the maximum acceleration of the earthquake motion applied at 
its centre of gravity. From these considerations, I have distinguished 
different structures in the case of overturning into small and larjz 
bodies,* and in the case of fracturing into short and tall bodies.!* 

The discussion of the seismic stability of chimneys, J which I 
have given in the Publications, No. 4, pp. 117 -- 124, is based on tho 
supposition that their vibration is much slower than the earthquake 
motion. It is extremely desirable to measure the movements of some 
large chimneys ; experimental investigation in this connection being 
yet very scarce. 

The present note gives the results of the instrumental registration 
of the vibration of two small chimneys, which I have recently 
carried on in Kyoto and Tokyo respectively. 



* Thi* volume, p. 8. 

t The Publications, No. 4, pp. 7G, 121. 

X A chimney mems hera ft brick factory chimney. 



mid wlioss horizon I ill distance from the base of the chimney was ~)V 
7". (See PI. XII, Fig. 1.) Tli:t observation was repealed three tiniess 
with different stretching weights. 

Two of the diagrams obtained an* r« produced in 1*1. XIV ; the 
rate of motion of the paper being accurately ganged by means of a 
small time ticking pendulum, whose complete oscillation, corresponding 
fo two successive tick intervals in the records, was O.CS second. 

The results of the experiments are summarised in the following 
table. 
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TABLE I. 

VIBRATION OF THE CHIMNEY OF THE INSTITUTE 
OF MECHANICAL ENGINEERING, KYOTO. 

' 2ft = Range of motion, or double amplitude at the top. 

« 

T = Complete period of vibration. 





1st. Expt. 


2nd. Expt. 


3rd. Expt. 


Stretching weight. 


21.5 


kg 


59.0 


kg 


07.0 


kg 


Its horizontal component. 


22. 




53. 


>> 


60. 


>> 


Initial, or maximum, 2a. 


4.6 


mm. 


7.4 


mm. 


8.1 


mm. 


1st 10 vibrations- 


Average T. 


1.04 


sec. 


0.99 


sec. 


1.03 


sec. 


2nd 10 vibrations 


[Max. 2a. 
[ Average T. 


2.3 
1.02 


mm. 
sec. 


3.5 
1.01 


mm. 
sec. 


4.5 
1.02 


ram. 
sec. 


3rd 10 vibrations 


Max. 2a. 
Average T. 


1.45 
0.99 


mm. 

sec. 


2.0 
0.99 


mm. 
sec. 


3.0 
1.02 


mm. 
sec. 


4th 10 vibrations 


Max. 2a. 
Ave l age T. 


1.0 
0.99 


mm. 
sec. 


1.2 

0.99 


mm. 
sec. 


1.45 
1.01 


mm. 
sec. 


Toward the very end" 


Max. 2n. 
Average T. 


• 








Very small. 
1.01 sec. 


General mean T. 


1.01 


sec. 


1.00 


sec. 


1.02 


sec. 



Thus the mean value of the average period of vibration was about 
l.Olsec, the maximum or initial range of vibration being 8.1mm. The 
horizontal or effective stretching forces were in the three experiments 
22, 53, and 60 kg respectively ; the deflections of the chimney at the 



XV.) 

Tim method of observation was exactly similar to that in the 
preceding ease, except that the rope fustened to the top of the chimney 
was drawn gradually by means of a lever arrangement managed lu- 
ll few ii.eii. The experin ents were repeated five limes; the chimney 
liavinrj been finally broken in the Gth experiment at about 2 feet 
from the base. The diagrams obtained in the iJrd to filji experiments 
are l-ep induced in PI. XVI ; the complete period of the time-ticking 
pendulum 'wing here 0.73 second. 

Tim results of the experiments wore as follows. 
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TABLE H. 

VIBRATION OF THE CHIMNEY OF THE HYGIENICAL 
INSTITUTE, TOKYO IMPERIAL UNIVERSITY. 

2a — Range of motion, or double amplitude at the top. 
T= Complete period of vibration. 



5 



Expt. 


Absolute max- j 
imum, or initial, 
2n (mm) 


lBt 10 Vibrations |! 2nd 10 Vibrations 


, The next 20 Vibrations 


Average T (nee). 1 


Mux. 2a 
(mm). 


Average 
T (sec). 


Mux. la | 
(mm) 1 


Avert, ge 
T (sec). 


1 


j 

1 7.2 

i 


0.35 


2.6 


0.34 


0.9 1 


0.34 


2 


5.2 

i 

1 


0.34 


; 2.0 


0.3 4 


0.1) 


0.33 


3 


17.2 


0.37 


; 4.5 


0.34 


1 1.2 


0.34 


4 


19.2 

1 


0.3G 


4.5 


0.35 


1.8 

1 


0.34 



(Broken at an initial displacement, a = 19mm). 



Thus the average period of vibration of the chimney was 0.36 or 
0.37 sec. with a large initial 2a of 17 to 19mm, while it was distinct- 
ly smaller and equal to 0.34 sec. with very small amplitude. 

NOTES. 

In the 4th experiment, the 2a's of the first 20 successive vibra- 
tions were as follows: — 



17.8 mm 


7.0 mm 


3.0 miu 


15.0 


6.1 


2.9 


13.3 


5.5 


2.3 


11.0 


4.0 


2.0 


10.2 


4.0 


1.0 


0.0 


3.8 


1.9 


8.0 


3.2 





of tlio chimney and their tensile 
^^—^ strength was determined by 

Y"~"C" menus of a testing machine in the 

- Workshop of the Engineering 

— College; the test pieces of the 

form fo) giving the strength of 
the joint, while the pieces of the form (ft) that of the bricks. The 
result was as shown in Table III, the mean tensile strength of the 
joints Icing 2)!. 5 lbs per stjuaie inch, and that of the bricks 144 lbs 
per square- inch. The test pieces have been taken from the base, 
the middle and the lop [nrts of the i-hiiunry respectively. 
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TABLE m. 

CHIMNEY OF THE HYGIENICAL INSTITUTE, TOKYO 
IMPERIAL UNIVERSITY. 

(a) Tensile strength of the joints. 



20 8 (meun). 



27.5 (menu). 



22.0 (niejinj. 
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(b). Tensile strength of the bricks. 



10 test pieces taken 
from the lowest part. 


9 test pieces taken 
from the middle part. 


9 test pieces taken 
from the top part. 


lbs per 


lbs per rj' 
±90.0 


lbs per [j" 
1 A(\ 1 


1 7 


94.1 9 


IQQft 
lOO.U 


1 ^0 A 


171 O 


lUUii/ 


199.9 


118.9 


129.6 


170 5 


86 3 


104 6 


120.9 


121.5 


136.9 


132.1 


122.3 


136.1 


139.6 


107.1 


138.5 


135.0 


142.1 


156.1 


202.8 






158 (mean). 


138 (mean). 


135 (mean). 



NOTE OX THE VIBRATION OF CHIMNEYS 



37 



LIST OF PLATES. 

PL XH. Fig. J. Chimney of the Institute of Mechanical Engineer- 
ing, Kyoto Imperial University. 
Fig. 2. Chimney of the Hygienical Institute, Tokyo Im- 
perial University. 

PI. XIII. Fig. 3. Chimney of the Institute of Mechanical Engineer- 
ing, Kyoto Imperial University. (Section). 
PL XlV. Viluution of the chimney of the Institute of Mechanical 

Engineering, Kyoto Imperial University. Natural size. 
Dec. 4th, 1900. 
Fig. 4. 2nd Experiment. 
Fig. 5. 3rd Experiment. 
PL XV. Fig. 6. Chimney of the Hygienical Institute, Tokyo Imperial 

University. Elevation and sections. 
PL XVI. Vibration of the chimney of the Hygienical Institute, Tokyo 

Imperial University. Natural size. Oct. 4th 1901. 
Fig. 7. 1st Experiment. 
Fuj. 8. 2nd 
Fig. 9. 3rd 
Fig. 10. 4th 
Fig.ll. 5th 

Time marks : the value of two consecutive tick intervals, corres- 
ponding to one complete oscillation of the time-marking pendulum, is 
•0.68 sec. in PI. XIV, and 0.73 sec. in PL XVI. 
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HO. 3. CHIMNEY OF THE INSTITUTE OF MECHANICAL 
ENGINEERING, KYOTO IMPERIAL UNIVERSITY. 
(Section.) 
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FIG. 8. CHIMNEY OF THE HYGIENICAL INSTITUTE, 
TOKYO IMPERIAL UNIVERSITY. 
(Elevation And Sections.) 
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Note on the Vibration of Railway Bridge Piers. 

By 

F. Omori, Rigalaishi, WgakvJiakuski, 
Member of the Imperial Earthquake Investigation Committee 

"With Plates XVII-XXII. 

1. Introduction. In the course of the measurement of the move- 
iente of the different railway bridges,* I have often noticed the exist- 
nce of certain longitudinal vibrations of a comparatively long period, 
vhich were found to be no other than those of the piers supporting 
che girders under examination ; tho pier motion, which consists of 
gentle shakings, being in some cases so large as to be distinctly felt 
without instrumental aid. The following preliminary series of the 
experiments carried on in Oct. and Nov., 1801, relates to six different 
piers of single track railway bridges in Central Japan. The knowledge 
of the movements of bridge piers would be important in determining 
their strength to resist earthquake shocks and wind pressure. 

The measurement was made by means of a vibration measurer, 
(described in the Publications, No. 9) set up on a pier to be examined ; 
the motion being recorded in three rectangular directions, namely, the 
vertical, transverse and longitudinal. The two last components are 
respectively the movements normal and parallel to the faces of a pier. 
In the following analysis of tho diagrams of the pier motion, 2a 
denotes the rango of vibration at the top of a pier. 

2. Tone-go wa Bridge, near Toride Station, Nippon Railway. Oct- 
21st, 1901. 

The bridge consists of eight 200' Double Warren trusses and 
twenty-two GO' plate girders. The piers experimented upon were 
those respectively between the 1st and 2nd and between the 7th and. 



* R«3 the PaVicdiris, No 0. 



Longitudinal vibration. Home slight tr;ic:»s of motion existed 
already at the start of the record -receiver. In the principal portion, 
the max. 2a was 0.8m m and the avenge period 0.87 see. 
Us fit, -. Up goods train ; engine No. iin. 

The train took !!0 seconds to puss completely »ver the Sth 200' 
girder, there being practically no motion dining the first 2.0 sec. after 
the entrance of the engine on the latter. The motion was not vet 
ended at the 54th second nftar the start, wlien the clink-work of 
the record- receiver was stopped. 

Vortical vibration. The motion was very slight. 

Transversa vibration. In the most active part of motion, when 

tin- nrunig) period UCTmw. The m. an values of the period deduced 
from two siu-i:esqv' s 'rifts of 'in vibrations, when the tniin wax pass 
ing on to tlie 7th 20:)' girder, wore (I.Iil and tl.IlS sec, i.-spe.-tively. 
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Longitudinal vibration. During tlie passage of the engine over the 
pier, the motion consisted entirely of vibrations of an average period of 
0.33 sec. On the other hand, the succeding motiou, which was slight- 
ly larger, consisted entirely of slow movements of an average period 
of 0.85 sec, the max.2a being 0.7mm. Toward the end, the vibra- 
tions had an average period of 0.45 sec, these being superposed more 
or less distinctlv on slower ones. 

Tlie Pier between the 1st and 2nd 200' Girders. 

The total height of the pier is 121'. 19, of which the well sinking 
amounts to 95'.57; the height above the ground surface being 19'.07. 
The diagrams obtained are reproduced in PI. XXI. 
Expt. 1. Up passenger train ; engine No. 209. 

Vertical vibration. There existed only very slight traces of mo- 
tion, whose average period was 0.40 sec 

Transverse vibration. The passage of the train over the pier 
lasted 18.5 seconds ; the vibrations lasted, however, for further 8.G 
seconds. The motion was already distinctly shown 8.6 seconds 
before the entrance of the engine on the 2nd 200' girder, when the 
record-receiver had been started. The motion in the preliminary 
portion, or before the passage of the engine over the pier, was 
already well pronounced (max. 2a = 0.3mm, average period=0.38 sec), 
being much greater than that during the passage of the wagons. In 
the most active portion, the max. 2a was 0.7mra, the average period 
being 0.37 sec. 

Longitudinal vibration. The motion consisted of regular oscilla- 
tions, whose max. 2a was 1.2mm, and whose average period in the 
most active portion was 0.86 sec. The amplitude gradually accumulat- 
ed to the maximum, thence again gradually decreasing. 
Expt. 2. Down passenger train ; engine No. 515. 

The train passed over the pier in 22 seconds. 

Vertical vibration. The motion was small but distinctly shown, 
the average period being 0.39 sec. 

Transverse vibration. The earlier slight movements had an 



ed by fifteen piers numbered 1 to lfi from the Nagoya (Tokyo) to Hie 
Osaka end. The piers choscu for examination were Nos. 4 and 5, 
which are tire most shaky among the series and whose height above 
the well was in each ease 20'S", the thickuess at top and base being 
10' and 11'.87 respectively. (See PI. XVIII.) On Nov. 12th 1901, 
when the experiments were made, the weather was stormy and it was 
very difficult to walk over the bridge ; the winds having been particular- 
ly hard between 10 a.m. and 1 J p.m. The motion of the piers Nos. 4, 
ti. 10 and some others, which was caused by winds, was distinctly felt 
as slow transverse and longitudinal oscillations. 

Pier Xo. I. 

The well is S4'.48 deep and consists <>!' concrete tilling an iron 
frame of two concentric ellipses joined together, whose outside and 
inside major diameters arc 30'G" and 2-V4" respectively. The 
diagrams of the transverse and longitudinal vibrations in the 1st Mid 
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2nd experiments are reproduced in PI. XXII. 

Expt. 1. Up train, composed of engine No. 44, eight passenger cars 
and two break-vans ; ll£ a.m. The engine passed over each of the 
adjacent 200' girders in about 5.5 seconds. 
Vertical vibration. Very slight. 

Transverse vibration. For the sake of convenience, let t 5 denote 
the moment when the engine passed over the No. 5 pier and entered 
on the 5th girder. Between the start of the record-receiver, which 
was 7.7 seconds before t 6 , and the latter moment, the max. 2a was 
0.5mm and the average period 0.45 sec, the motion being active 
between 4.0 sec. and 0.9 sec. before t 5 . The motion was then again 
active for an interval of 2.5 seconds between t 6 -j-1.7sec. and t 6 +4.2 
sec. ; the max. 2a being 0.67mm and the average period 0.55 sec. At 
t , } 5.5 sec, the engine passed over the No. 4 pier, or that under 
experiment ; let this moment be denoted by t 4 . The 3rd maximum 
motion occurred during a time interval of 3.3 seconds between t 4 -f-2.5 
sec. and t 4 +5.8sec. ; the max. 2a being 0.73mm and the average 
period 0.45 sec. Again, denoting by t, the moment when the No. 3 
pier was passed over, or putting t s — 1 4 +5.5 sec, the 4th maximum 
occurred during a time interval of 2.2 seconds between t 3 +2.6 sec. and 
t 3 -f 4.8 sec. ; the max. 2a being 0.53mm and the average period 0.46 sec. 
The next maximum motion was small and occurred at t 3 -f-9.4 sec. ; the 
max. 2a being 0.13mm and the average period 0.44 sec Hereafter the 
movements became very slight. The train passed completely over 
the No. 4 pier at t 3 +3.6 sec. 

Longitudinal vibration. The motion was most active between 
t 4 and t 4 +8.8sec, the max. 2a being 1.0mm and the average period 
0.88 sec. Before and after the above time interval the motion was small. 
Expt. 2. Down train, composed of engine No. 41, eight passenger 
cars and two break vans; 11 J a.m. The engii.e passed over the 4th 
girder in 3.4 seconds, while the whole train passed completely over 
the same in 6.4 seconds. 

Vertical vibration. Nil. 



Ex/it, Effh-t of' the iciivh. 
Verticil vibration. Xil. 

Transverse vibration. Max. 2 i was about 0.6mm, the average 
period being 0.83 set'. 

longitudinal vibration. Mas. 2a was 0.5m n, the average period 
being 0.77 see. 

Pue x<>. 

Tlio well, wbieli is M2'.:i:-! deep, is elliptical in section and made 
of brick. 

h'.rjif. 1. ["p train, composed of engine No. 40, eight passenger ears, 
hvo breal; vans, and live goods wiigntis. 
Vertical vibration. Xil. 

Transverse vibration. There were live diti'cveiit maximum groups ot 
vibrations, whose average interval was .1.7 seconds; the '2nd -roup 
having occurred a little after the entrance of the engine on the lith 
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girder. The maximum movements were as follows: 

1st group, max. 2a = 0.4mm 

2nd „ „ 6 „ 

3rd „ „ 0.6 „ 

4th „ ff 0.5 „ 

5th „ „ 0.5 „ 

The average period of vibration deduced from the 2nd and 3rd 
groups were 0.47 and 0.46 sec. respectively. 

Longitudinal vibration. The max. 2a was 0.77mm, the average 
period being 0.92 sec. 
Expt. 2. The effect of the whisk. 
Vertical vibration. Nil. 

Transverse vibration. The max. 2a was about 0.5mm. 

Longitudinal vibration. The max. 2;i was 0.54mm, the average 
period being 0.89 sec. 

4. Tone-gawa Bridge, (near Maebashi Station), Nippon Railway. 

The bridge which spans over the Tone-gawa, in the immediate 
vicinity of the city of Maebashi, consists of two 200' Double Warren 
girders and three 70' plate girders. The river bed was partly dry 
and hard, consisting of boulders and gravels embedded in sand. 

The pier experimented upon was No. 1 pier, or that between 
the two 200' girders, whose height above the ground was 40' 9", the 
depth of the well being 38'. (See PI. XIX). The pier, which had 
been damaged some years ago by floods, was repaired by means of 
iron bands, which bind the top portion cracked vertically down-wards 
to a distance of about 10'. The object of the following experiments, 
which were made on Nov. 25th 1901, was to examino the efiect of 
the existence of the cracks on the vibration of the pier. 
Expt. 1. Down train, composed of engine No. 38, and seventeen 
passenger cars; 9.50 a.m. The train ran very slowly, the engine and 
the entire train taking 5.7 and 14.5 seconds respectively to pass over 
the 1st 200' girder. 

Vertical vibration. The motion was slight but distinct ; the max. 



preceding case ; tlie max. 2.1 being 0.15mm and the average period 
0.44 sec. 

Transverse vibration. Tiie motion consisted of vibrations of an 
average period of 0.34sec. (max. 2a = 0.4mm) superposed on those of 
an average period of 0.02 sec. (max. 2a=0.5)nm). Towards the end 
the average period was 0.25 sec. 

Longitudinal vibration. The max. 2a was 0.4mm, the average 
period being 0.81 sec. 

5. Kh»-<jmvn Slviv BrUhje, Kmmi RaSim;/. 

The Kizn-ffdMYi bridge on the Xagoya-Osaka line of the Kansei 
Railway, consists of a series of live spans as follows : one 100' Warren 
girder (Nagoya end), one 200' Pratt truss, one 103' Warren girder, and 
two 70' plate girders (Osaka end). The four piers were very tall, the 
height varying between 40'. 5 and 0'./. Then; was no well sinking, the 
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piers having been directly built on the solid native rocks. (See PI. XX). 

The pier experimented upon was the No. 1 pier, or the tallest 
•one, which supports the 200' truss and the 100' girder at the Nngoya 
-end. In the first of the following two experiments, the two horizontal 
pendulums of the vibration measurer were placed respectively at 
right angles and parallel to the length of the bridge ; while in the 
second, they were placed in similar relations with respect to the 
pier plane. 

Expt. 1. Up train, composed of engine No. 33, three goods cars, 
and 10 passenger wagons ; 1.30 p.m. 

Vertical vibration. The motion was slight (max. 2a = 0.15mm), 
the average period being 0.73 sec. 

Transverse motion. The motion consisted of vibrations of an 
average period of 0.30 sec. (max. 2a = 0.5mm), mixed up with those 
of an average period of 0.10 sec. (max. 2a = 0.2mm). 

Longitudinal vibration. The principal motion had an average 
period of 0.31 sec, the 2a being small. 

There were also some traces of small vibrations of an average 
period of 0.14 sec. 

Expt. 2. An express down train, composed of engine No. 36, and 
ten passenger cars ; 2.10 pm. 

Vertical vibration. The average period was about 0.53 sec, the 
2a being very small. 

Transverse vibration. There were two sets of vibrations, whose 
average periods were respectively 0.30 and 0.15 sec, the max. 2a in 
each being 0.1mm. 

Longitudinal vibration. Very slight. 

Abutment. 

In the following experiment, th9 vibration mecufurar was put on 
the Nagoya end abutment. 

Down train, composed of engine No. 38, one passenger car and 
-eleven goods wagons. 



WM&GAWA BRIDGE (TO RIDE I ; PIER BETWEEN THE 
1ST AND 2M> 200' DOUBLE WARREN GIRDERS. 



1 


Up pniwenge 




0.40 


0.7 


0.38 


1.2 


0.80 


200 






tmin. jjsillllll 


0.30 


0.5 


10.46 
10.83 


0.0 


0.8S 


515 



TBl-QAWA BRIDGE (KUWANA) ; PIER NO. 4. 



1 


I'll pmsniyrtniin. 


Small 




0.7 


0.47 


1.0 


0.NS 


14 






(1 




l.:t 


0.B4 


0.H 


0.82 


41 




Win. Is 







0.fi 




0.5 


0.77 





NOTE "OX THE YIMJATION OF ltAII.WAY 111! J DOE PIEIS8. 49 



IB1-GAWA BRIDGE (KUWANA); PIER NO. 6. 



1 


Up train. 


1 mm. 


sec. 


mm. 

CM) 


sec. 

0.47 


mm. 
0.8 


sec. 
0.92 


40 


2 


Wind. 






0.6 




0.5 


0.89 





TOiSE-GAWJ BRIDGE (MAEBASHI) ; PIER NO. 1. 

(CRACKED PIER). 



1 

2 
3 


Down train. 
Up train. 
Down train. 


0.1 
0.1 
0.15 


0.42 
0.42 
0.44 


3 I " 40 
Ud 10.24 

0.2 i 0.22 
( 0.3 . . 0.34 

0.5 . . 0.92 
(— ..0.25 


0.3 
0.4 
0.4 


0.84 

10.85 
0.21 

0.81 


38 
38 
38 


KIZU- GA WA BRIDGE ; PffiR NO. 1. 


1 
o 


Up train. 
Down train. 


0.15 
Small 


0.73 
0.53(?) 


10.5 . . 0.30 
10.2 . . 0,16 
jO.l . . 0.30 
10.1 . . 0.15 


Small 
Small 


..0.31 
. .0.14 


33 
36 



Remarks. 

(a) Period and range of ^motion. The vertical vibration was 
always very small, while the transverse and longitudinal vibrations 
were usually well pronounced, their rauges being nearly equal to 
each other. 

With the exception of the ULizu-gaica pier, the periods of the 
vertical and longitudinal vibrations were nearly constant ; the mean 
values being 0.41 and 0.85 sec. respectively. These are probably not 
the periods of the true elastic vibrations of the piers themselves, 
but are rather those of the rocking motion of the latter due to the 
vertical and transverse vibrations of the 2'JO' girders which rest upon 
them. Thus, taking aveivogos from the five bridges of the lb I (near 
Ogaki, on the Tokaido Railway), the Ibi (Kuwana), the Oi, the Tone 
(Toride), and the 1st Ishikari-jrfum, we obtain the periods of 0.40 and 
0.90 sec. respectively for the vertical and transverse vibrations of the 



(/») Effect of winds. In the ease of the Ihi-ijnirn bridge (Kuwana), 
the movements of the piers caused by strong winds were nearly the 
same as those due to the stetnal passage of the trains. In very 
violent storms the motion would be much greater ami the range of 
the transverse and longitudinal vibrations may, when coupled with 
those produced by the pas.sagj of a train, amount to a few mm, 

(cj Iron /rams*. The two piers, Nos. 4 and 5, of the Ibi-yiwa 
bridge (Kuwana) worn nearly alike, except that the former lias 
elliptical iron frames embedded in the well. The motion of the Xo. 
4 pier was, however, not less than that of tin other. This seems to 
show that iron frames, unless very strong, have no sensible effect on 
the vibration phenomena of large masonry coin inns iu which they 
are embedled. Tin following table, which Ins bnon constructed from 
the preceding, gives the maximum and mean values of the 5a and 
the period. 
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From the above table it will be seen that the average period 
for the girders of the Tone-gawa (Toride), the Ibi-gawa (Kuwana), 
.and the Kizn-gawa bridges are respectively 0.38, 0.43, and 0.21 sec. ; 
these being exactly identical with the mean values of the periods of 
the transverse vibration of the corresponding bridge piers, given in 
Table H. 

A striking fact, which is apparent from tables I and II is that 
the motion of a pier does not depend simply on its height above 
the woll. Tims the motion of the pier of the Kizn-gawa bridge, 
whose height was 60', was markedly smaller than that of those of 
the Tone-gawa (Toride) and the Ibi-gawa (Kuwana) bridges, although 
in the cases of the two latter bridg-3s the heights of the piers above 
the river bed were much smaller and only about 20.' The motion of 
the pier of the Tone-gawa bridge (Maebashi) was also very small. 
These peculiarities are obviously due to the fact that the river beds 
•of the Kizn-gawa and the Tone-gc^wa (Maebashi) are hard, while the 
beds of the Ibi-gawa (Kuwana) and the Tone-gawa (Toride) are 
muddy and very soft. In other words, the piers with solid foundations 
live rigid ; while those, whose foundations are weak, are very shaky. 

From the above it is evident that a pier does not, in general, 

behave as if it were rigidly fixed to the ground at the surface of the 

latter. Thus, taking as examples the Kizn-gaia and the Tone-gawa 

(Toride) piers, we see that the period of the trausverse vibrations 

are 0.21 and 0.38 sec* respectively, -while the heights of the piers 

above the ground are 60' and 29'.35 respectively. If now A and A 1 

•denote the heights of the Kizn-gawa and. the Tone-gawa piers, supposed 

to be of an equal and uniform section, we have 

Ir 0.21 
h? ~" 0.38""' 

Now the Kxzn-gawa pier has no well at all ; its thickness at the baso 
being, however, nearly identical with that of the well of the Tone- 
gawa pier. For the sake of a very rough calculation, let us take 

* Taking for the Tone-^i?m bridge the pier between the 7th and 8th WO' girders. 
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LIST OF PLATES. 

PLXVTL The Tone-gaioa Bridge, near Toride Station, Nippon Rail- 
way. Elevations and sectional plan of the pier between 
the 1st and the 2nd, and of that between the 7th and 
the 8th 200' Double Warren girders. 

PLaVlCL The Ibi-gawa Bridge, near Kuwana Station, Kansei Railway. 

Elevations and sectional plans of the piers. 

PI. xix. The ToiiQ-gawa Bridge, near Maebashi Station, Nippon 

Railway. Elevations and plans of Pier No. 1, or that 
between the two 2 JO' Double Warren girders. 

PI. XX. The Kizu-gawa Skew Bridge, near Kasagi Station, Kansei 

Railway. Elevations aud plans of the abutment at the 
Nagoya (Tokyo) end and of Pier No. 1, or that between 
the 200' Pratt truss and the 100' Warren girder. 

PL XXI. Vertical, transverse and longitudinal vibrations of the 

pier between the 1st and the 2nd 200' Double Warren 
girders, Tone-gawa Bridge (Toride) ; Expt. 1 and Expt. 2. 

PL 3Exn. Transverse and Longitudinal vibrations of Pier No. 4 of 

the Ibi-gawa Bridge, Kansei Railway ; Expt. 1 and 
Expt. 55. 

In the vibration diagrams, Pis. XXI and XXII, the multiplication 
ratios are as follows: — 

Vertical vibration 2 times ; 

Transverse „ 1.5 „ 

Longitudinal „ 1.3 „ 

Ti nit marks. The value of two consecutive tick intervals, corres- 
ponding to one complete oscillation of the time-marking pendulum is 
0.66 sec. in each case. 
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Motion of a Brick Wall Produced by Earthquakes. 



By 

F. Omori, liigakush!, Iligakuhakushi, 
Member of the Imperial Earthquake Investigation Committee. 

The present note contaius the results of the measurement of the 
motion of a wall produced by earthquakes; the wall chosen for 
-examination being the eastern end wall t of the Natural History 
Museum, which is a two-storied brick building situated in the higher 
part of the grounds of the University, Tokyo. Fig. 2 (PI. XXIII) 
gives the exterior view of the building, while Fig. 3 (PI. XXIV) 
gives the vertical section of the wall. As will be seen from the 
Litter figure, the total height of the wall, that is to say, the distance 
between the coping stone and the ground, amounts to 53 shaku X ; the 
height of the ceiling of the second story above the ground being 
37 shaku. 

The motion of the wall was measured by means of a small 
horizontal pendulum seismograph set up on a strong wooden support 
lixed to the wall at a height of 31 shaku from the ground, fig. 1 (PI. 
XXIII) ; the pointer of the instrument, which has a magnification 
of 5, recording the motion normal to the wall, or that in the EW 
direction. The records obtained at the Natural History Museum 

• See also the present Author's paper : 41 Earthquake Measurement in a brick building," 
the FubliraiioiVi, No. 4. 

f The wall was originally intended to 1)6 a kind of partition wall separating the present 
bnildirg from its extension. The latter, however, never canie into existence, the idea 
having since been abandoned. 

t 1 shatot = i\Wi foot. 



sensitive than the other. Thus, dining the five months between May 
15th iitul Oct. 25th, 1802, twenty-three earthquakes were recorded at 
the Museum, of which only eleven were observed at the Seisinological 
Institute. Tables I and II give respectively the date and the elements 
of motion of the 28 earthquakes ; some of the illustrative diagrams 
being given in Pis. XXV and XXVI. 

In the analysis of the scisinograms, 2a denotes the range of 
motion, or double amplitude, of the vibration. 
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TABLE I. 

LIST OF THE EARTHQUAKES OBSERVED. 



No. of 
curthqunke. 




Time of < ccuironco. 


Intonsi: y. 




1. 


May 15th 1902 ; 


8 50 




Slight. 


2. 


„ 25th „ 


8 30 


Ill • 


Weak. 


r» 
it. 


June 13th „ 


5 ] 25 




Slight, 


4. 


„ 20th „ 


5 49 19 




Weal*-. 


5 


„ 23rd „ 


7 42 20 


CM. 1*1 . 




6. 


» 24th „ 


9 7 40 


I-'. Ill • 


Slight. 


7. 


July 1st „ 


2 54 


C4I . IU . 




8. * 


„ 8th „ 


11 8 36 


t> m 
i-'. in . 


»» 


9. 


„ 14th „ 


]0 40 7 


t> in 




10. 


„ 23rd „ 


11 52 54 


1") TP 

11a • 




11. 


„ 2Gtli „ 


7 51 2 


•l m 
• ■ • i ij • 


* » 


12. * 


Aug. 4th „ 


1.56. 2 






13. 


„ 7th „ 


0.35.55 


p.m. 


Weak. 


14. 


„ 8th „ 


8.36.53 


a.m. 


Slight. 


15. 


» 25th „ 


9. 8.48 


a.m. 




16. 


Sept. 12th „ 


4. 7.54 


a.m. 




17. * 


„ Wth „ 


0.20.41 


p.m. 




18. * 


„ 22nd „ 


5.43.25 


a.m. 




19. * 


»» >> >> 


10 52.29 


a.m. 




20. * 


„ 27th „ 


7.19.17 


a.m. 




21. 
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10.23. 


a.m. 




22. * 


„ 16th „ 


1.57.24 


a.m. 




23. 


„ 25th „ 


9. 


a.m. 





* T*u*tc .v/w/W earthquakes marked with asterisks were very small unfet ones. 
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NOTES, 

fjqht No. 2. (Nat. Hist. Mus.) At the commencement thure were 
traces of small vibrations of an average period of about O.llsec. 

Eqkc No. 4. This was a moderate earthquake. 

(Nat. Hist. Mus.) In the preliminary tremor, the motion consisted 
of small vibrations of an average period of 0.12 sec. During the 
first 6.2 sec. of the principal portion, these quick vibrations were 
superposed on principal vibrations, whose average period was 
0.34 sec. In the end portion, the average period was 0.35 sec. 
(Seism. Inst.) In the jrrincipid portion, the vibrations of an aver- 
age period of 0.18 sec. (max. 2a — 0.12mm) were superposed on 
larger ones of an average period of 0.63 sec. (max. 2a = 0.4mm). 

Hqlr No. o. This was a moderately sharp shock. 

(Nat. Hist. Mus.) In the preliminary tremor, the max. 2a was 
0.6mm and the average period 0.35 sec. ; there being ;i!so small 
vibrations of an average period of O.llsec. The principal portion 
began with a single slow undulation of 2a = 7.6mm, p3riod = 2.0 sec; 
aud the motion was most active for the first 10.5 seconds, during 
which the average period was 0.35 sec, the two maximum motions 
of 2a = 3.6mm and 2a = 3.4mm having occurred respectively at 
1.5 sec. after the commencement, and at the end, of this epoch. 
In the succeding part, where the motion was much smaller, the 
average period was 0.33 sec. In the end portion , the avernge 
period was also 0.33 sec. As is usually the case with the records 
from the Nat. Hist. Museum, the motion presented a series of 
alternations of maximum and minimum groups. Thus the max- 
imum groups, each containing 4 or 5 well pronounced vibrations, 
occurred at a mean interval of 4.8 seconds. 

(Seism. Inst.) In the preliminary tremor, the max. 2a was 0.06 
mm, the average period being 0.14 sec. The principal portion, began 
with a slow undulation of 2a = 10.4mm, period = 2.2 sec The most 
active part of motion consisted of the vibrations of an average period 
of 0.19 sec, whose max. 2a of 0.7mm occurred at the 8th second 



iiiodii interval of 4.7 seconds. 

(Seisin. Inst.) The most active vibrations had a max. '2a of 1.3mm 

and an average period of OAS sec. 
EqheNo.21. (Nat. Hist. Mns.) Tiie average period was 0.30 see. in 

the principal portion, and 0.33 sec. in the e.nxl portion. Tlio max. 

2a of 0.4(imm occurred 11.3 seconds after the commencement. 
tfylv No. SI. (Xat. Hist. Mus.) The average period was 0.30 sec. in 

the principal portion and 0.32 sec. in the aid portion. 
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SUMMARY OF THE RESULTS. 

Comparison of Vie motion of the wall tcith that of the ground. Taking 
the 11 earthquakes recorded at the two stations (Table II), we obtain 
the following results: — 



Elements of earthqunkc 
motion. 



Total duration. 

]>uration of princ. portion. 

Max. 2a. 
Period. 



Nut. Hist. 
Museum. 



94 sec. 

36 sec. 
0.78mm. 
0.33 sec. 



Seism. Institute. 



/Nat. Hist. MusA 

Ratio, ( ) 

\ Seism. Inst. / 



33 sec. 



14 sec. 



0.20mm. 



0.19 ; 37 ; 0,63 sec, 



2.8 

2.6 

2.7 



Thus the duration and the range of motion of the wa'l of the 
Natural History Museum are nearly three times larger than those at 
the ground surface, or the Seismological Institute. The motion at 
the apex of the wall, where the latter is joined to the roof, will pro- 
bably bo about twice as great as that at the point where the 
seismograph has been fixed. 

Motion of the tvaH. From Table II, it will be seen that the period 
of vibration of the wall is practically constant, the mean value being 
0.33 sec. This shows that the wall behaves in earthquakes like an 
elastic spring and executes vibrations with its own period, whatever 
the period and amplitude of the ground motion may be, excepting in 
cases of very slow waves, say, of periods longer than 2 seconds, which 
are felt equally on the ground and at the top of the wall. 

The motion of the wall was in each case not a uniform one, but 
presented always a series of maximum groups at fairly regular 
intervals. The average value of the intervals between the successive 
maxima was 4-3 seconds, each including some 13 vibrations. The 
occurrence of the different maximum groups is probably due to the 
relation between the elasticity and the dissipation coefficient of the 
brick work of the wall. There was usually no very predominating 
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LIST OF PLATES. 

Pl.XXIII. Fig. 1. The seismograph set up ou a support fixed to 

the eastern outer wall of the Natural History Museum. 
Fig. 2. The Natural History Museum, a indicates the 
position where the seismograph has been mounted. 

PL XXIV. Fig. .7. The eastern outer wall of the Natural History 

Museum. Vertical section through the coping stone. 

[Seismograms ; EW component, mtdtiplicalio)i = 5.] 
PL XXV. Fig. 4. The earthquake of June 23rd, 1902, at 7h 42 m 

20 s. a.m. ; intensity = weak. 

(a) Record at the Seismological Institute. 

(b) „ „ „ Nat. Hist. Museum. 

PL XXVI. Fig. o. Earthquake of July 23rd, 1902, at Uh 52m 54s 

p.m. ; intensitly = slight. 

(a) Record at the Seismological Institute. 

(b) „ „ „ Nat. Hist. Museum. 

Fig. 0'. Earthquake of July 26th, 1902, at 7h 51m 2s 
a.m.; intensity = slight. 
Record at the Nat. Hist. Museum. 
Time marks. The values of the complete oscillations of the time- 
marking pendulums, each corresponding to two consecutive tick inter- 
vals, are 0.99 sec. and 0.75 sec. respectively for the seismographs at 
the Seismological Institute and at the Natural History Museum. 
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Fig. 3. 

THE EASTERN OUTER WALL 

OF THE 
NATURAL MUSEUM 
{Vertical Section through 
the Coping Stone). 
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Fig. 1. Seismograph. 
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Fig. 3. 

THE EASTERN OUTER WALL 

OF THE 
NATURAL HISTORY MUSEUM. 
(Vertical Section through 
the Coping Stone). 
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